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WHAT  IS  THE  MATTER  WITH  THE  ELMS 

IN  ILLINOIS? 


By  STEPHEN  A.  FORBES,  state  entomologist 
(Plates  I  to  VI,  and  Figures  1  to  4) 

The  American  white  elm  is  doubtless  the  favorite  shade  tree 
thruout  Illinois.  It  is  especially  valued  for  its  broad  and  ample 
shade,  its  fairly  rapid  growth,  its  usual  freedom  from  offensive  in¬ 
sects,  and  its  stout  resistance  to  injury  by  wind  storms  and  sleet; 
and  it  is,  universally  admired,  also,  for  its  majestic  yet  graceful 
form,  its  picturesque  profile,  and  the  irregular,  cloudlike  masses 
of  its  foliage.  It  is  particularly  well  adapted  to  streets,  boule¬ 
vards,  and  park  drives ;  and  an  avenue  of  giant  elms  whose  lateral 
branches  arch  broadly  upwards  to  meet  and  mingle  overhead  is 
one  of  the  noblest  products  of  the  landscape  gardener’s  art. 

Description  oe  the  Difeicuety 

I  especially  regret,  therefore,  to  have  to  call  general  attention 
to  a  fatal  affection  of  this  tree  now  prevailing  over  a  large  part  of 
southern  Illinois,  similar  to,  and  apparently  identical  with,  one 
which  destroyed  many  elms  in  the  central  part  of  the  state  some 
thirty  years  ago.  The  character,  extent,  and  cause  of  this  destruc¬ 
tion  are  such  as  to  make  it  plain  either  that  the  elm  must  receive 
much  more  intelligent  and  assiduous  care  and  treatment  than  it  has 
heretofore  had  in  this  state,  or  that  it  must  yield  its  place  to  some 
tree  more  hardy  under  conditions  which  it  has  itself  failed  to  sup¬ 
port. 

The  elm  disease  (if  such  it  may  be  called)  now  prevalent,  is 
first  noticed  from  early  summer  to  autumn — the  leaves,  first  on 
the  terminal  twigs  and  later  on  the  larger  branches,  ceasing  their 
growth,  turning  brown,  and  finally  falling.  (See  Plates  I  to  IV.) 
This  loss  is  presently  followed  by  the  death  of  the  branches  them¬ 
selves,  as  is  shown  the  following  spring  when  the  rest  of  the  tree 
leaves  out.  Usually  the  higher  branches  are  first  affected,  but  the 
whole  top  soon  seems  to  blight,  and  in  a  year  or  two  the  tree  is 
dead.  Sometimes  this  process  is  greatly  shortened,  and  scores  of 
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trees  may  perish  within  a  single  year  after  the  first  effects  are  no¬ 
ticed;  and  sometimes,  on  the  other  hand,  it  is  greatly  lengthened, 
extending  thru  five  or  six  years,  and,  in  mild  cases,  even  ending  in 
recovery.  Altho  there  may  be  no  definite  sign  of  insect  injury 
anywhere,  it  is  most  commonly  the  case  that  a  thoro  search  of  the 
trunk  and  larger  branches  will  show  patches  of  dead  bark  under 
which  there  are  two  or  more  kinds  of  burrowing  insect  larvae,  or 
borers.  The  roots  of  these  trees  are  often  affected  somewhat  as 
the  branches  are ;  that  is,  the  smaller,  terminal,  so-called  feeding 
roots  die  and  dry  up  progressively,  the  process  extending  to  the 
larger  roots  and  the  base  of  the  trunk. 

A  Typical  Case 

The  condition  of  the  roots  of  trees  so  affected  is  well  shown  by 
the  report  of  Mr.  Lindley  M.  Smith,  my  field  assistant  for  south¬ 
ern  Illinois,  who  visited  Du  Quoin,  Perry  county,  in  July  of  the 
current  year  for  an  examination  of  elms  reported  to  be  dead  or 
dying.  This  visit  was  in  pursuance  of  a  letter  addressed  to  me 
by  Mr.  E.  E.  Jacobs,  mayor  of  the  town,  who  says,  under  date  of 
July  8 :  “At  the  time  the  city  of  Du  Quoin  was  laid  out,  some  fifty 
years  ago,  our  streets  were  lined  with  elm  trees.  These  trees  have 
gotten  along  nicely  up  to  the  present  summer,  but  now  there  are 
probably  a  hundred  and  fifty  trees  dead  or  dying.”  Mr.  Smith 
reports,  July  14:  “The  elms  are  in  very  bad  condition,  and  there 
are  many  dead  or  dying  ones  all  over  town.  The  round-headed 
borers  [Fig.  1]  are  very  thick  under  the  bark  on  these  dying  trees, 
and  the  people  in  general  seem  to  suppose  that  the  borers  are  the 
cause  of  all  of  the  damage.  I  dug  out  some  of  the  main  roots  on 
seven  large  trees,  and  while  many  of  the  roots  were  still  green  for 
a  few  feet  from  the  base,  I  invariably  found  that  the  little  feeding 
roots  were  dead.  In  some  cases  the  smaller  roots  had  apparently 
been  dead  for  several  days,  or  perhaps  weeks,  as  they  were  all  dis¬ 
colored  and  some  were  almost  rotten.  We  dug  one  tree  out  so  that 
all  of  the  roots  could  be  examined.  The  outer  ends  of  all  the  roots 
on  this  tree  were  dead,  tho  some  of  the  main  roots  were  still  alive, 
and  the  leaves  were  not  yet  quite  all  dead.  The  tree  had  no  tap¬ 
root,  all  the  roots  spread  out  from  the  base  of  the  tree,  and  none 
of  them  were  very  far  beneath  the  surface.  I  found  no  sign  of  in¬ 
sect  work  on  the  roots,  but  most  of  the  latter  simply  looked  as  if 
they  had  dried  up.  The  ground  was  very  dry,  as  there  has  been 
no  rain  that  would  wet  down  to  the  tree  roots  since  some  time  in 
April.”  Similar  conditions  were  found  by  Mr.  Smith  at  Carbon- 
dale,  where  one  tree  was  dug  up,  together  with  a  number  of  roots 
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of  other  trees,  on  the  campus  of  the  Normal  School;  all  the  small 
feeding  roots  of  these  trees  were  dead,  altho  there  was  nothing 
about  them  to  indicate  injury  by  insects. 

Distribution  of  the  Injury 

Practically  identical  reports  of  injury  have  been  received  this 
year,  either  from  my  own  assistants  or  from  office  correspondents, 
from  Cairo,  Carbondale,  Centralia,  Clayton,  Du  #Quoin,  Edwards- 
ville,  Fairfield,  Galatia,  McLeansboro,  Mt.  Vernon,  Quincy,  Rob¬ 
inson,  Sumner,  and  Vandalia* — fourteen  towns  scattered  thru  thir¬ 
teen  counties  of  southern  and  western  Illinois.  Doubtless  a  criti¬ 
cal  examination  of  elm  trees  in  towns  and  on  private  premises 
elsewhere  would  disclose  an  even  more  general  occurrence  of  this 
trouble. 

As  none  of  the  cases  reported  were  from  woodlands,  but  all 
were  those  of  more  or  less  isolated  trees  growing  under  artificial 
conditions,  I  have  taken  some  pains  to  ascertain  whether  woodland 
elms  were  similarly  affected.  One  of  my  assistants,  Mr.  Wesley 
P.  Flint,  made  in  1909-10  a  practically  complete  reconnaissance  of 
all  the  forests  of  southern  and  western  Illinois,  including  high 
lands  and  bottom  lands,  hills  and  plains,  and  the  extremes  of  Jthe 
state  from  Jo  Daviess  to  Alexander  counties.  His  object  was  to 
make  a  comprehensive  study  of  insect  injuries  to  forest  trees  and 
timber  products  in  this  state.  In  reply  to  my  special  inquiry  he 
says :  “I  have  not  found  elms  dying  in  any  numbers  in  any  forest 
tract  that  I  have  examined  in  the  state.  This,  of  course,  does  not 
apply  to  stands  of  scattered  trees  around  which  the  ground  has 
been  cultivated."  Mr.  Smith,  who  was  especially  instructed  to  in¬ 
spect  woodland  trees  about  Du  Quoin  for  a  comparison  of  their 
condition  with  those  in  that  town  itself,  reports  that  he  saw  a  hun¬ 
dred  and  fifty  elms  in  the  woodlands  along  Reese  Creek  and  Little 
Muddy  Creek  bottoms,  but  found  none  that  were  dying,  and  none 
that  had  dred  during  the  present  summer,  altho  a  few  had  perished 
from  some  cause  at  some  time  within  the  last  three  years. 

The  present  difficulty  with  the  elm  in  the  southern  part  of  the 
state  is  thus  clearly  one  which  is  virtually  limited  to  trees  growing 
outside  the  forests,  and  usually  under  conditions  more  or  less  artifi¬ 
cial  to  the  tree — sometimes  extremely  so,  where,  for  example,  the 
elms  are  standing  in  a  closely  clipped  turf  beside  a  paved  street. 

A  Kentucky  Instance 

All  the  facts  in  my  possession  indicate  that  our  Illinois  elm 
disease  is  identical  with  one  described  in  1899  by  Professor  H 
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Garman,  Entomologist  and  Botanist  of  the  Agricultural  Experi¬ 
ment  Station  of  Kentucky.*  “Beginning,”  he  says,  “in  1892,  and 
continuing  with  greater  or  less  frequency  ever  since,  complaints 
have  readied  me  concerning  a  diseased  condition  of  elm  trees  in  this 
State.  *  *  *  Previous  to  1892  there  is  every  probability  that 

the  trouble  was  under  way.  It  was  observed  in  Massachusetts  in 
1847,  and  in  Illinois  in  1883.  *  *  * 

“The  first  discernible  evidence  of  disease  is  a  loss  of  the  leaves 
at  the  ends  of  twigs,  often  at  the  tops  of  the  trees.  As  the  trouble 
extends  towards  the  trunk,  the  foliage  gradually  drops  from  other 
parts  until  finally  the  tree  stands  bare.  [Plates  I  to  IV.]  The 
fallen  leaves  may  show  no  mark  of  insect  work,  certainly  none  that 
could  cause  them  to  let  go  their  hold  on  the  branches,  and  the  only 
thing  abnormal  about  them  is  a  discoloration,  sometimes  present, 
like  that  due  to  the  blight  fungus  of  potatoes,  the  tips  or  side 
regions  being  more  or  less  extensively  black.” 

An  Earlier  Illinois  Case 

As  already  intimated,  what  seems  to  have  been  a  similar  trouble 
with  the  elms  prevailed  some  time  since  in  the  central  part  of  this 
state.  It  was  in  1883,  in  fact — the  first  year  of  my  service  as 
State  Entomologist  of  Illinois — that  this  matter  first  came  to  my 
notice ;  and  during  that  and  the  three  following  years  I  studied  the 
diseased  elms  with  considerable  care  at  Normal,  Bloomington,  and 
Champaign,  publishing  a  short  article  on  the  subject  in  my  third 
entomological  report. f  I  was  aided  in  this  work  by  Professor  Gar- 
man,  who  was  at  that  time  in  my  office ;  and  he  has  had,  conse¬ 
quently,  an  opportunity  to  compare  the  Illinois  disease  with  that 
studied  by  him  even  more  thoroly  in  Kentucky. 

The  Present  Situation 

My  attention  was  first  and  most  forcibly  called  to  the  present 
situation  by  a  letter  addressed  to  the  University  of  Illinois  in  1907 
by  Hon.  John  M.  Rapp,  of  Fairfield,  in  Wayne  county,  and  re¬ 
ferred  to  my  office  for  reply.  In  this  letter  he  says :  “We  in  this 
city  are  troubled  with  something  that  is  causing  the  death  of  the 
elm  shade  trees.  The  matter  seems  to  be  growing  worse  each  year. 
Some  of  the  largest  and  finest  trees  have  died,  and  the  trouble  does 
not  seem  to  be  confined  entirely  to  the  oldest  and  largest  trees."  In 


*“The  Elms  and  Their  Diseases.”  Bull.  84,  Ky.  Agr.  Exper.  Station, 
tlnsects  Injurious  to  the  Elm.  14th  Rep.  State  Ent.  Ill  ,  p.  112. 
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a  later  letter  he  says :  “The  elm  trees,  not  only  in  this  city,  where 
they  have  been  our  chief  shade  tree,  but  in  the  surrounding  coun¬ 
try,  are  dying  from  some  disease  that  is  a  mystery  to  our  people. 
There  is  apparently  no  disease  of  the  leaf — no  web  formed — but 
the  leaves  begin  to  dry  up  and  to  die,  and  finally,  in  a  few  months, 
the  tree  is  dead.  A  number  of  the  finest  shade  trees  in  the  city 
have  gone  that  way.  There  are  many  that  now  show  evidences  of 
the  disease.” 

In  consecjuence  of  this  information  I  sent  to  Fairfield  in  the 
fall  of  1907  Mr.  H.  E.  Hodgkiss,  an  entomological  assistant  in  my 
office  at  the  time.  As  the  primary  cause  of  the  disease  seemed  a 
matter  of  doubt,  and  might  possibly  be  a  fungous  infection,  or 
even  cultural  conditions  merely,  Mr.  Hodgkiss  was  accompanied  on 
his  trip  by  Professor  T.  J.  Burrill,  of  the  University  of  Illinois, 
who  kindly  consented  to  assist  us  in  the  solution  of  the  problem. 
After  a  thoro  examination  of  several  dead  and  dying  trees  in  and 
about  Fairfield  these  gentlemen  came  to  the  conclusion  that  the 
cause  was  a  complex  one,  but  differed  in  judgment  as  to  the  pri¬ 
mary  factor,  Professor  Burrill  believing  it  to  be  the  round-headed 
borer  of  the  elm  ( Sapcrda  tridentata,  Fig.  1),  which  was  abundant 
under  the  bark  of  most  of  the  injured  trees,  and  Mr.  Hodgkiss 
concluding,  on  the  other  hand,  that  the  original  difficulty  was  in 
the  roots. 

Causes  oe  the  Injury 

The  condition  of  the  roots  described  above  by  Mr.  Smith  and 
a  general  infestation  of  the  trunk  and  larger  branches  by  borers, 
are  found  together  at  the  same  time  and  place,  and  usually  in  the 
same  trees.  The  well-known  disposition  of  the  borers  generally, 
and  especially  of  the  elm-tree  borer,  to  infest  first  and  most  freely 
trees  already  suffering  from  some  other  cause,  adds  to  our  uncer¬ 
tainty  concerning  the  share  which  these  two  causes  may  take  in  the 
destruction  of  our  elms.  It  is  probable  that  sometimes  one  is  pri¬ 
mary,  and  sometimes  the  other.  The  root  injury  may  come  to  a 
tree  already  infested  by  borers,  or  the  borers  may  come  to  infest  a 
tree  already  affected  at  the  roots,  each  injury  intensifying  the 
other,  and  both  together  destroying  trees  which  might  survive 
either  alone.  Even  elm  trees  in  the  forest  are  more  or  less  infested 
by  the  round-headed  borer  and  other  insects  of  similar  habit.  Mr. 
Flint  reports,  for  example,  that  in  his  inspection  of  woodlands,  he 
found  this  borer  abundant  in  dying  trees  thruout  the  state,  and 
the  larva  of  the  elm  curculio  ( Magdalis  arniicollis,  Fig.  3,  4)  even 
more  abundant  in  the  northern  counties.  Small  bark-beetles  were 
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also  very  common  in  the  bark  of  both  dead  trees  and  those  other¬ 
wise  healthy. 

The  elm  in  its  natural  habitat  grows  in  a  loose  and  shaded  soil 
composed  of  leaf  mold  to  a  considerable  depth,  and  does  not  root 
deeply.  (See  Plate  VI.)  If  other  trees  and  the  underbrush  which 
offer  more  or  less  protection  to  the  elm  roots  are  cut  away,  and 
especially  if  the  land  is  pastured  and  the  soil  thus  packed,  or  if,  as 
in  the  city,  the  root  system  is  cramped  in  earth  sometimes  perme¬ 
ated  by  escaping  gas,  too  closely  packed,  unmulched,  and  unnatu¬ 
rally  drained,  and  exposed  for  long  summer  periods  to  the  hot 
glare  reflected  from  the  paved  streets,  the  leaves  of  the  tree  in 
the  meantime  being  constantly  exposed  to  gas  and  smoke,  and  cov¬ 
ered  for  weeks  with  dust  from  the  street,  we  have  an  environment 
for  this  tree  as  unnatural  as  it  would  be  possible  to  make  it  and 
permit  the  tree  to  live  at  all.  The  feeding  roots  are  thus  exposed 
to  drouth,  and  sometimes  remain  for  weeks  at  a  time  about  as  dry 
as  the  dust  of  the  street.  The  soil  is  exhausted  of  plant  food,  and 
nothing  is  done  to  renovate  it.  The  tree  is  starved  and  weakened, 
the  uppermost  twigs  begin  to  die,  and  insects,  instinctively  attracted 
to  the  weaker  trees,  come  in  and  finish  the  work.  Their  injury,  at 
first  scarcely  perceptible,  serves  merely  to  accelerate  the  decline  of 
the  tree,  but  sometimes,  unfavorable  conditions  having  reached  a 
temporary  climax,  the  work  of  the  borers,  stimulated  rather  than 
retarded  by  such  conditions,  quickly  overwhelms  the  tree,  girdling 
its  trunk  and  killing  it  as  if  by  a  sudden  stroke. 

Professor  Garman  is  sure  that  in  Kentucky  insects  were  not 
the  primary  cause  of  the  wide-spread  loss  of  elm  trees  in  1899  and 
the  years  preceding.  His  discussion  of  conditions  and  effects  is  so 
instructive  and  convincing  that  I  quote  from  it  at  length. 

“The  white  elm,”  he  says,  “has  a  peculiar  way  of  sending  its 
main  roots  out  close  to  the  surface  of  the  ground.  Sometimes  a 
root  upon  which  a  tree  chiefly  depends  is  covered  in  places  with 
less  than  two  inches  of  soil.  Roots  after  leaving  the  base  of  the 
trunk  actually  turn  toward  the  surface,  where  they  extend  for 
long  distances  in  the  rich  surface  soil.  The  trees  taken  up  on  the 
:ollege  grounds  for  examination  illustrate  the  point  very  well. 
[Plate  VI.]  The  living  tree  had  three  main  laterally  directed 
roots  of  this  sort.  They  were  vertically  flattened  for  about  eight 
inches  and  then  contracted  rather  abruptly  to  two  inches  in  diame¬ 
ter,  tapering  gradually  from  this  point  to  their  extremities.  After 
leaving  the  trunk  they  rose  toward  the  surface  and  lay  for  a  dis¬ 
tance  of  nineteen  feet  out  from  the  tree  among  the  roots  of  clover 
and  grasses.  Besides  their  main  roots  were  a  few  whip-like  roots 
of  the  same  sort,  lying  even  nearer  the  surface  than  the  large  ones. 
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The  only  other  roots  present  were  eight  small  brace  roots  from 
one-half  to  one  inch  in  diameter,  which  extended  downward  into 
the  soil  at  an  angle  of  about  45  degrees.  So  long  as  they  were  un¬ 
cut  the  tree  stood  firmly  in  place,  though  the  soil  was  removed  for 
a  depth  of  several  feet.  The  long  lateral  roots  were  all  cut  and 
still  the  tree  could  not  be  moved  until  these  little  roots  were  sev¬ 
ered.  The  second  tree  had  more  of  the  lateral  roots,  but  they  arose 
and  extended  outward  like  those  of  the  first.  The  brace  roots  were 
of  the  same  character  and  of  about  the  same  number. 

“Trees  with  such  a  root  system  are  adapted  to  alluvial  soils, 
rich  and  easily  penetrated.  A  certain  amount  of  moisture  is  also 
essential  to  them.  Under  natural  conditions  elms  grow  among 
other  plants,  interspersed  with  other  trees.  The  ground,  besides 
being  rich  and  from  situation  moist,  is  protected  during  winter  by 
a  mulch  of  dead  leaves  and  in  summer  by  shade  and  perhaps  a 
tangle  of  undergrowth.  Soil  so  protected  does  not  give  up  its 
moisture  quickly.  But  let  such  trees  be  exposed  to  the  heat  of  the 
summer  sun  by  cutting  away  all  other  trees,  or  by  keeping  the 
grass  browsed  or  mowed  closely  over  their  long  roots,  and  they 
become  enfeebled  in  time  and  ready  to  succumb  when  any  sudden 
and  exceptionally  severe  drought  or  freeze  comes.  Even  if  the 
removal  of  our  forests  had  no  other  effect  than  exposing  the  soil 
to  the  sun  it  is  probable  that  such  isolated  trees  would  suffer  in 
time.  But  removal  of  vast  tracts  of  forest,  coupled  with  tillage 
and  other  processes  involved  in  peopling  a  country,  is  known  to 
encourage  drought  in  other  ways :  By  favoring  a  rapid  escape  of 
rainfall  by  surface  drainage,  a  process  that  is  accelerated  artificially 
by  ditching,  tile  draining,  and  the  like,  eventually  leading  to  con¬ 
stant  late  summer  droughts  from  which  not  only  trees  but  all  other 
plants  suffer.  A  tree  with  an  extensive  root  system  may  not  show 
the  effect  in  one  year,  or  in  two,  but  in  the  course  of  many  years 
the  available  food  supply  becomes  exhausted,  having  been  in  part 
leached  away  by  the  running  waters,  and  no  fresh  humus  being 
supplied,  the  inevitable  result  is  exhaustion  for  lack  of  both  food 
and  moisture.  The  effect  shows  first  by  the  death  of  tips  of 
branches,  the  tree  not  having  vitality  sufficient  to  keep  up  the  cir¬ 
culation  in  the  extremities,  and  the  tree  becomes  ‘stag  headed,’  to 
use  an  imported  term. 

“If  one  looks  about  in  Bluegrass  Kentucky  he  will  see  many 
trees  in  this  condition,  oaks,  ash  and  maples.  The  trouble  is  of 
course  more  or  less  serious  according  to  the  exposure  of  the  roots. 

“Not  only  do  trees  fail  to  show  signs  of  suffering  immediately 
after  the  surface  is  cleared,  but  it  is  known  to  experienced  forest¬ 
ers  that  for  a  time  they  grow  more  rapidly  and  appear  to  be  in 
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better  condition.  This  is  explained  as  the  result  of  an  increased 
food  supply,  due  to  the  removal  of  competitors,  to  a  more  rapid 
decomposition  of  humus,  which  results  from  exposure  to  the  air, 
and  to  increased  sunlight.  It  is  only  after  a  considerable  period 
that  the  final  effect  of  deforesting  is  felt  by  the  trees  and  perceived 
by  man.  Such  results  are  not  restricted  to  this  country,  but  are 
known  among  foresters  the  world  over. 

“I  take  it  we  are  now  witnessing  some  of  these  effects  in  Ken¬ 
tucky,  and  that  our  elms  feel  the  change  most  keenly  because  of 
their  manner  of  rooting.  The  debility  brought  about  by  unfavor¬ 
able  conditions  such  as  those  described  is  taken  advantage  of  by 
the  elm  tree  borer*  in  some  cases,  which  completes  the  ruin  by 
girdling  trees  under  the  rough  outer  bark.” 

Prospects  of  Continuance 

There  is  nothing  more  characteristic  of  unusual  outbreaks  of 
insect  injury  than  their  temporary  character.  Altho  it  seemed  in 
1884  that  the  elms  of  central  Illinois  towns  would  probably  all  be 
gone  in  a  few  years,  their  epidemic  disease  diminished  in  the  fol¬ 
lowing  years  almost  as  rapidly  as  it  had  developed.  Single  cases 
were  still  to  be  found  ten  years  later,  but  many  of  the  affected  trees 
recovered,  and  there  has  been,  until  lately,  only  an  occasional  trace 
of  this  special  trouble  in  that  part  of  the  state  since  1895. 

In  Kentucky  also  the  heavy  loss  of  elms  which  was  the  occasion 
of  the  bulletin  of  Professor  Garman  quoted  above  has  now  prac¬ 
tically  ceased;  and  in  a  letter  dated  June  3,  1910,  he  says:  “Our 
elms  have  largely  recovered  since  my  bulletin  was  written,  altho 
a  good  many  of  them  were  lost  during  the  excessively  dry  period 
of  which  the  bulletin  treated.  During  the  past  three  years  we  have 
had  more  rainfall  than  we  wanted  at  times,  and  the  trees  every¬ 
where  are  looking  fine." 

The  case  is  therefore  not  as  hopeless  as  it  now  looks,  for  the 
elms  of  southern  Illinois  towns,  altho  the  past  summer  has  been  a 
peculiarly  trying  one.  If  the  weather  of  the  next  years  is  normally 
moist,  it  is  quite  possible  that  many  of  the  injured  trees  favorably 
situated  may  recover,  and  that  the  general  condition  of  the  elms 
thruout  the  country  will  become  greatly  improved.  If,  however, 
weather  conditions  should  continue  unfavorable,  the  injury  will  go 
on  in  all  probability  to  still  greater  extremes.  I11  any  event  meth¬ 
ods  of  prevention  and  remedy  are  important  to  all  who  value  their 


“*Two  other  beetles  belonging  to  the  same  family  as  the  elm  borer,  were 
reared  by  me  [Garman]  some  years  ago  from  diseased  elms.  They  are 
Dularius  brevilineus  and  Xylotrechus  co/onus 
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trees,  especially  as  the  causes  of  the  present  trouble  are  to  be  found 
in  great  measure  in  previous  mismanagement. 

Remedy  and  Prevention 

The  truth  is  that  our  shade  trees  have  commonly  been  treated 
as  if,  unlike  any  other  crop  we  raise,  they  needed  neither  care  nor 
cultivation,  but  once  set  out  would  take  care  of  themselves  forever. 
This  is  not  true,  as  we  now  know,  for  even  forest  trees  growing 
under  native  conditions ;  and  it  is  peculiarly  false  for  trees  planted 
in  more  or  less  unnatural  situations,  and  for  those  whose  original 
surroundings  have  been  changed  materially  for  the  worse.  Here 
especially  the  elm  must  be  watched  and  cared  for;  fed,  watered, 
and  protected ;  relieved  from  the  attacks  of  its  insect  enemies,  and 
surgically  treated  to  heal  the  wounds  they  have  made.  The  amount 
of  attention  it  will  require  will  vary,  of  course,  with  its  situation, 
including  the  condition  of  other  trees  on  adjacent  premises.  In¬ 
deed,  no  really  satisfactory  program  of  protection  and  maintenance 
can  be  worked  out  except  by  cooperation  of  all  concerned.  A  single 
badly  infested  tree,  kept  because  of  the  indifference  of  its  owner, 
may  be  a  constant  menace  to  all  the  other  elms  in  its  neighborhood, 
however  intelligently  they  may  be  cared  for. 

The  main  effort  must  be  at  first  to  supply  to  endangered  trees, 
and  especially  to  those  beginning  to  fail,  the  water  and  plant  food, 
a  lack  of  which  is  the  most  serious  feature  of  their  situation.  Well- 
rotted  stable  manure  spread  generously  around  the  tree  as  far  as 
its  roots  extend,  with  an  occasional  free  watering  of  the  soil  during 
periods  of  severe  drouth,  will  meet  these  requirements.  If  the 
manure  can  be  left  during  dry  periods  as  a  mulch,  the  chances  of 
the  tree  will  be  greatly  improved.  The  watering  must  not  be  a 
mere  surface  sprinkling,  but  should  soak  the  ground  to  a  depth  of 
several  inches. 

When  it  is  necessary  to  trim  a  tree,  superfluous  branches  should 
be  cut  or  sawed  smoothly  away  at  their  very  beginning.  To  cut  or 
hack  them  off  irregularly,  leaving  projecting  stubs  to  dry  up  and 
decay,  is  simply  to  invite  the  attacks  of  borers  by  offering  them  a 
favorable  place  of  deposit  for  their  eggs.  For  the  same  reason 
dead,  dying,  or  badly  injured  limbs  should  be  promptly  cut  out  and 
burned. 

This  is  as  good  a  place  as  any  to  enter  an  emphatic  protest 
against  the  practice  of  topping  or  pollarding  trees  like  the  elm,  not 
only  because  their  natural  beauty  is  forever  destroyed  by  the  proc¬ 
ess,  but  also  because  the  tree  is  peculiarly  exposed  by  it  to  fatal 
infestation  by  its  most  destructive  insect  enemies. 
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Further  protection  against  borers  may  be  given  by  a  thick  coat 
of  paint  applied  to  cut  surfaces  and  repeated  after  the  first  coat  is 
dry.  Any  paint  will  do  which  is  made  of  linseed  oil  and  lead. 
Ordinary  ready-made  paints  are  nearly  useless  for  this  purpose, 
since  they  are  likely  to  crack  and  scale  off.  As  a  general  preventive 
of  borer  infestation,  the  trunk  of  the  tree  and  the  larger  branches 
may  be  painted  with  a  mixture  intended  to  prevent  the  laying  of 
the  eggs.  Some  of  the  mixtures  recommended  are  prepared  as  fol¬ 
lows  :  To  a  gallon  of  soft  soap  add  half  a  gallon  of  hot  water  and 
a  pint  of  crude  carbolic  acid,  or  a  half  pint  of  the  refined  acid, 
stirring  the  latter  thoroly  in  and  leaving  the  mixture  over  night. 
Then  dilute  with  eight  gallons  of  water  and  apply  with  a  white¬ 
wash  brush.  Or,  to  a  saturated  solution  of  washing  soda  add  soft 
soap  to  make  a  thick  paint,  and  stir  in  a  pint  of  crude  carbolic  acid 
and  half  a  pound  of  Paris  green  to  each  ten  gallons  of  the  wash. 
Or,  in  six  gallons  of  a  saturated  solution  of  washing  soda  dissolve 
a  gallon  of  soft  soap,  add  a  pint  of  carbolic  acid,  mixing  well,  slake 
enough  lime  in  four  gallons  of  water  to  form  a  thick  whitewash 
as  it  is  added  to  the  foregoing,  and  finally  stir  in  thoroly  a  half 
pound  of  Paris  green.  One  or  the  other  of  these  substances  should 
be  applied,  as  frequently  as  may  be  necessary  to  keep  the  bark 
moist,  from  the  middle  of  May  to  the  end  of  July. 

The  Insects  chiefly  Concerned 

Of  all  the  many  insect  enemies  to  the  elm  in  Illinois,  much  the 
most  destructive  is  the  “round-headed”  borer  commonly  known  to 
entomologists  as  the  elm-borer  (Saperda  tridentata) .  Even  more 
abundant  than  this,  but  less  injurious,  is  a  much  smaller  burrow¬ 
ing  grub,  the  larva  of  the  reddish  elm  snout-beetle  ( Magdalis  anni- 
collis).  It  is  the  common  elm-borer,  working  in  the  bark  and  the 
sap-wood  of  the  elm,  to  which  the  present  condition  of  our  dead 
or  dying  trees  is  most  commonly  attributed  by  those  searching  for 
a  cause.  It  is  a  common  belief,  however — difficult  to  prove,  it  is 
true,  and  at  best  a  matter  of  intelligent  opinion — that  this  beetle 
attacks  by  preference  trees  already  suffering  from  some  disease  or 
other  crippling  condition.  It  would  be  easier  to  make  sure  that 
this  is  true  if  it  were  not  for  the  fact  that  it  is  difficult  to  detect 
the  beginnings  of  injury  by  this  insect.  Often  the  first  notice  one 
has  of  its  presence  is  a  general  failure  of  the  tree,  due  to  an  in¬ 
festation  already  extensive  and  long  continued ;  and  whether  this 
failure  began  before  the  borer  injury  or  was  caused  by  it,  one  can 
not  positively  tell.  This  is,  indeed,  a  matter  of  little  practical  im¬ 
portance,  since  one  must  proceed  in  the  same  way  whichever  view 
he  takes.  That  the  elm  snout-beetle  infests  dying  trees  in  prefer- 
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ence  to  healthy  ones,  can  not  be  doubted,  for  the  larva  is  abundant 
in  the  dead  wood  of  a  dying  tree  but  occurs  very  rarely  in  the  liv¬ 
ing  tissue. 

The  Elm-borer 
Saperda  tridentata  Oliv. 

In  the  larval  or  boring  stage  this  elm  insect  may  be  readily 
recognized  by  those  at  all  familiar  with  the  round-headed  borer  of 
the  apple,  because  of  the  close  resemblance  of  the  two.  They  be¬ 
long,  in  fact,  to  nearly  related  species  of  the  same  genus. 


Fig.  1.  The  Elm-borer,  Saperda 
tridentata ,  larva.  (Enlarged  5  dia¬ 
meters.) 

The  full-grown  boring  larva  (Fig.  i)  is  a  footless  grub  a  little 
over  an  inch  in  length,  white  or  yellowish  white,  thickest  in  front, 
and  with  the  head  only  about  half  as  wide  as  the  first  segment  be¬ 
hind  it.  The  body  is  slightly  flattened  from  above  downward,  with 
a  rather  pronounced  fold  along  the  sides.  The  first  segment  is 
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about  twice  as  broad  as  long,  and  has  upon  its  upper  surface  a 
pale,  horny,  oblong,  transverse  shield  or  cover  about  two  thirds  as 
long  as  wide.  This  is  roughened  on  the  posterior  half,  but  is  else¬ 
where  smooth.  On  the  upper  side  of  each  remaining  segment  is 
an  ovate,  roughened,  transverse  area,  slightly  convex  in  front  and 
slightly  concave  behind. 

The  pupa,  which  may  he  found  in  a  cell  beneath  the  bark,  is 
yellowish  white,  about  half  an  inch  long,  and  with  slender  an¬ 
tennae  lying  along  each  side  and  bent  forward  over  the  breast. 


Fig.  2.  Adult,  or  beetle,  of  the  Elm-borer, 

Saperda  tridentata.  (Enlarged  4  diameters.) 

The  parent  beetle  (Fig.  2)  is  of  a  grayish  color,  due  to  a  very 
fine  gray  down  which  densely  clothes  the  surface.  On  each  side 
of  the  thorax  and  on  each  wing  cover  is  a  submarginal  reddish  or 
yellowish  stripe,  and  from  each  of  these  stripes  three  oblique  bands 
project  inward  and  backward  to  a  variable  distance  in  different 
specimens.  Sometimes  they  extend  across  the  wing  cover  to  meet 
the  corresponding  bands  on  the  opposite  side,  and  sometimes  they 
are  short  oblique  branches  only.  There  are  often  two  black  spots 
on  each  side  of  the  thorax,  and  three  on  each  wing  cover. 

Strangely  enough,  the  life  history  of  this  abundant  insect  has 
never  been  worked  out,  but  there  is  good  reason  to  suppose  that 
it  extends  over  two  or  three  years.  Indeed,  in  the  northern  part 
of  the  area  of  distribution  of  the  species,  as  many  as  three  distin- 
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guishable  sizes  of  the  larvae  may  be  found  at  one  time  in  the  mines 
under  the  bark,  each  apparently  representing  a  different  generation. 
The  eggs  are  deposited  in  June  and  July  and  possibly  later,  as  the 
beetles  are  abroad  until  towards  the  middle  of  August.  The  young 
grub,  after  hatching,  works  its  way  under  the  bark,  making  a  ser¬ 
pentine  burrow  as  it  feeds,  which  increases  in  size  with  the  growth 
of  the  larva  and  in  course  of  time  may  completely  girdle  the  tree. 
When  the  larvae  are  full-grown  they  change  to  the  pupa  in  the 
early  part  of  the  year,  and  the  beetles  begin  to  appear  in  May.* 
This  species  has  been  recorded  from  Vermont,  Canada,  and 
Wisconsin,  to  Pennsylvania,  Kentucky,  Illinois,  and  Iowa.  It 
seems  to  have  a  general  distribution  thruout  the  northeastern 
United  States. 


The  Reddish  Eem  Snout-beetle 
Magdalis  artnicollis  Say 


A  small  boring  grub  about  a  quarter  of  an  inch  long  or  less, 
frequently  associated  with  the  round-headed  borer  of  the  elm  often 
occurs  in  immense  numbers  in  the  recently  dead  wood  of  the  elm, 


Fig.  3.  Elm  Snout-beetle,  Magdalis  artnicollis’.  larva,  pupa,  and  adult  beetle. 

(Enlarged  8  diameters.) 


and  sometimes  extends  its  burrows  into  the  still  living  tissue  ad¬ 
jacent.  It  is  a  small,  plump,  entirely  footless,  whitish  grub,  lying 
partly  curled  up  in  the  usual  grub  fashion  when  at  rest.  The  head 
is  small,  but  the  three  segments  back  of  the  head  are  noticeably 


*My  office  collections  of  the  beetles  range  from  May  19  to  August  8. 


14 


swollen  and  about  one  twelfth  of  an  inch  thick.  The  remainder  of 
the  body  is  more  slender,  slightly  tapering  to  the  smoothly  rounded 
posterior  end.  The  head  is  pale  brown,  and  the  mandibles  and  the 
narrow  front  border  of  the  clypeus  are  dark,  in  decided  contrast 
with  the  labrum,  which  is  whitish.  The  first  segment  hack  of  the 
head  is  faintly  brownish,  shining  except  for  a  dull  pubescent  ridge 
along  the  hind  border.  The  remaining  segments,  except  those  near 
the  posterior  end,  which  are  smoother,  hear  two  such  dull  ridges. 
On  the  abdominal  segments  these  ridges  extend  to  the  spiracles  on 
each  side,  and  behind  them  is  an  additional  shorter  ridge  of  similar 
appearance.  The  folds  beneath  the  head  are  also  dull  pubescent. 


Fig.  4.  Elm  twig  with  bark  cut  away  to  show  burrow  of 
Magdalis  armicollis.  (Enlarged  3  diameters.) 


The  beetles,  which  develop  beneath  the  bark  and  escape  from  it 
by  eating  small  round  holes  to  the  surface,  are  from  an  eighth  to 
a  quarter  of  an  inch  in  length,  the  sexes  differing  to  such  an  ex¬ 
tent  that  they  were  originally  described  as  separate  species.  The 
male  is,  in  fact,  decidedly  smaller  than  the  female,  darker  beneath, 
and  with  a  much  more  marked  contrast  in  color  between  the  wing 
covers  and  the  thorax.  The  wing  covers  are  yellowish,  or  pale 
reddish  brown,  and  are  each  marked  with  nine  deep  longitudinal, 
coarsely  punctured,  grooves.  The  thorax  and  the  head  are  decid¬ 
edly  darker,  especially  in  the  male,  in  which  they  are  frequently 
black.  The  thorax  is  narrower  than  the  wing  covers,  broadly 
rounded  laterally  and  very  densely  punctured  above  and  on  the 
sides,  with  a  more  or  less  evident  smooth  median  raised  line.  The 
body  beneath  is  pale  reddish  brown  in  the  female,  and  black  in  the 
male.  The  projecting,  slightly  curved  snout  is  about  as  long  as 
the  thorax,  and  bears  the  antennae  near  its  tip. 

The  larvae  pupate  in  spring  within  the  tree,  and  the  beetles 
emerge  in  about  three  weeks,  pairing  and  laying  their  eggs  in  May 
and  June. 
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PLATE  I. 

Elm-tree  -died  during  summer  of  1911.  Normal  School  campus, 

Carbondale,  September  20,  1911. 
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PIRATE  II- 

Eem-tree— died  during  summer  of  1911.  Normal,  Avenue,  Carbondaee, 

September  20,  1911. 
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PLATE  III. 

Eem-tree— died  during  summer  oe  1911.  Normal  Avenue,  Carbondaee, 

September  20,  1911. 
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PLATE  IV. 

A  DISEASED  EEM  GROWING  ON  THE  GROUNDS  OF  THE  KENTUCKY  STATE  UNI¬ 
VERSITY.  Photographed  August  28,  1899.  (Prom  Prof.  H.  Garman.) 
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Roots  of  diseased  white  elm  seen  from  beneath.  (Prom  Prof.  H.  Garman.) 
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PIRATE  VI. 

Hooting  habit  ok  eem,  krom  samp:  trke  as  Fig.  4:  A,  B,  C,  the  three  main  eater  at,  roots; 
I),  continuation  ok  root  C;  K,  p:xtrkmity  ok  same  root,  19  keet  krom  the  trunk. 
(From  Prop'.  H.  Garman.) 


ON  BLACK-FLIES  AND  BUFFALO-GNATS 
(SIMULIUM)  AS  POSSIBLE  CARRIERS 
OF  PELLAGRA  IN  ILLINOIS 


By  STEPHEN  A.  FORBES,  State:  Entomologist 

Purpose  and  Scope  oe  the  Work 

In  August,  1910,  I  was  advised  by  Dr.  Oliver  S.  Ormsby,  Sec¬ 
retary  of  the  Pellagra  Commission  of  this  state,  that  this  Com¬ 
mission  was  especially  interested  in  the  distribution  of  our  various 
species  of  black-flies  ( Sinmlium ),  because  of  the  supposed  relation 
of  these  insects  to  the  introduction  and  spread  of  pellagra,  and 
that  it  would  like  to  have  my  aid  in  securing  information  upon  this 
subject.  In  view  of  the  fact  that  it  is  made  by  law  one  of  the 
duties  of  the  Entomologist  of  Illinois  “to  investigate  all  insects  of 
this  state  injurious  or  dangerous  to  the  public  health,”  I  was  very 
willing  to  take  this  subject  up;  and  I  was  fortunately  so  situated 
as  to  make  it  possible  to  begin  upon  it  at  once,  the  one  of  my 
assistants,  Mr.  Charles  A.  Hart,  who  is  best  acquainted  with 
aquatic  insects,  being  stationed  at  the  time  on  the  .Illinois  River 
at  Havana  for  a  study  of  the  mosquitoes  at  that  point,  made  in 
the  hope  of  finding  means  to  suppress  a  troublesome  mosquito  in¬ 
festation  on  the  grounds  of  the  Chautauqua  Association  of  the 
Illinois  State  Epworth  League.  The  necessary  instructions  were 
sent  to  him  August  8,  1910,  and  he  devoted  a  considerable  part 
of  the  remainder  of  the  season  to  a  search  for  black-fly  larvae  and 
adults  in  and  near  the  waters  of  the  Illinois  River  and  of  its 
smaller  tributaries,  from  Matanzas  Lake,  below  Havana,  to  Peoria. 

As  only  a  mere  beginning  could  be  made  upon  the  subject 
within  so  short  a  time,  and  as  the  funds  available  were  mainly 
already  assigned  to  other  problems,  an  item  for  the  expenses  of 
an  investigation  of  this  subject  w7as  included  in  my  estimates  for 
the  years  1911-1912,  as  submitted  to  the  Legislature  at  its  47th 
session,  in  1911.  This  appropriation  was  not  allowed,  however, 
and  no  adequate  wrork  could  be  done  this  year.  I  have  neverthe¬ 
less  brought  together  all  published  information  upon  the  subject 
of  the  distribution  and  life  histories  of  black-flies  in  Illinois,  all 
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the  data  from  the  collections  of  the  State  Laboratory  of  Natural 
History  and  the  Entomologist’s  Office,  and  all  the  information 
contained  in  the  field  notes  of  my  office,  running  back  over  many 
years,  with  a  view  to  presenting  at  this  time  as  full  a  report  upon 
this  topic  as  is  practicable;  and  this  paper  is  submitted  as  a  pre¬ 
liminary  statement. 

Altho  it  was  originally  prepared  with  special  reference  to  the 
medical  bearings  of  the  subject,  account  has  here  been  taken  of 
the  fact  that  the  black-flies,  the  different  species  of  which  are 
known  by  various  common  names,  are  well-known  pests  of  the 
domesticated  animals,  especially  in  the  southern  part  of  this  state, 
in  spring  and  in  the  vicinity  of  the  great  rivers;  and  of  the  fur¬ 
ther  fact  that  these  insects  are  a  decided  annoyance  and  an  occa¬ 
sional  cause  of  serious  injury  to  human  beings  exposed  to  their 
attack.  They  are  worst,  as  a  rule  (especially  to  the  southward), 
after  periods  of  high  water  and  a  consequent  overflow  of  the 
bottom-lands  of  the  larger  streams.  We  are  likely,  consequently, 
to  have  unusual  trouble  along  the  Wabash,  Ohio,  and  Mississippi 
rivers  this  year  if  the  extraordinary  high  water  of  the  early  spring 
continues  thru  the  breeding  season  of  the  buffalo-gnats. 

General  Description 

The  buffalo-gnats,  or  black-flies,  all  species  of  the  genus  Simu- 
lium,  are  small  two-winged  insects  with  thick,  hump-backed  bodies 
and  sharp  piercing  and  sucking  beaks.  They  vary  in  length,  ac¬ 
cording  to  species,  from  1/25  to  1/6  of  an  inch — 1  to  4  1/2  mm. 
They  are  notorious  for  the  immense  numbers  in  which  they  swarm 
in  early  spring,  especially  along  the  larger  streams,  and  for  the 
painfulness  of  the  punctures  made  by  the  females  (the  males  be¬ 
ing  inoffensive)  and  the  ferocity  and  persistence  of  their  attack 
They  are,  generally  speaking,  more  annoying  than  seriously  injuri¬ 
ous  to  mankind,  altho  several  deaths  have  been  more  or  less  plausi¬ 
bly  attributed  to  their  attack;  but  to  domestic  animals — especialh 
to  cattle,  horses,  and  mules,  and  even  to  poultry — they  are  a  terri¬ 
ble  and  terrifying  scourge. 

As  is  very  commonly  the  case  with  blood-sucking  Dipt  era,  the 
young,  or  larv?e,  of  these  flies  are  aquatic.  The  eggs  are  laid  in 
patches  upon  objects  under  water,  the  larv?e  transform  there  to 
pupse,  and  the  pup?e  to  winged  adults,  which  escape  to  the  surface 
each  in  a  bubble  of  air  absorbed  from  the  water  thru  the  gills  of 
the  pupa,  and  stored  up  under  its  cuticle.  The  larv?e  are  so  abun¬ 
dant  locally,  under  the  most  favorable  conditions,  that  the  w?ter 
is  said  sometimes  fairly  to  boil  as  the  winged  insects  burst  from 
its  surface,  each  in  its  air  bubble. 
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Number  and  General,  Distribution  of  Species 

There  are  about  sixty-five  species  of  this  genus  in  the  world. 
Twenty-five  of  them  have  been  found  in  North  America  and  fif¬ 
teen  in  the  United  States.  Nine  species  are  known  by  us  to  occur 
in  Illinois,  and  a  possible  tenth  species  is  represented  by  an  un¬ 
identified  larva  found  in  Vermilion  county,  Illinois,  and  also  abun¬ 
dant  in  Yellowstone  Park.  (See  Fig.  i.)  One  American  species, 
S.  liirtipes,  found  in  northern  Illinois,  occurs  in  Europe,  and  an¬ 
other,  N.  reptans,  abundant  thruout  Europe,  is  reported  from  Green¬ 
land  also,  but  not  elsewhere  from  North  America.  It  is  to  this 
latter  species,  indeed,  that  the  spread  of  pellagra  has  been  especially 
ascribed  in  Italy. 


Fig.  1.  Simulium  sp.,  head  of  larva  from  above.  X  29. 
(Vermilion  county  and  Yellowstone  Park.) 


With  a  single  exception,  our  American  black-flies  have,  so  far 
as  known,  quite  similar  habits.  S.  pictipes ,  found  from  New  York 
to  Illinois,  Kentucky,  Texas,  and  California,  differs  from  the  other 
more  abundant  species  in  the  fact  that  it  does  not  bite  either  man 
or  beast. 

Injuries  to  Man 

Our  more  abundant  Illinois  species  make  a  ferocious  attack 
upon  domestic  animals  and  men,  inflicting  a  bite  much  more  severe 
than  that  of  a  mosquito,  with  more  serious  after-consequences. 
The  stylets  with  which  the  wound  is  inflicted,  are  stouter,  having 
more  the  form  of  a  lancet,  than  the  needle-like  organs  of  the 
mosquito’s  beak,  and  the  venom  injected  into  the  cut  from  the 
salivary  glands  is  a  more  efficient  poison  than  the  saliva  of  the 
mosquito.  Men  are  less  subject  to  injury  than  other  animals, 
partly  no  doubt  because  their  clothing  protects  them,  partly  be¬ 
cause  they  can  put  themselves  beyond  the  reach  of  the  pests,  but 
apparently  also  because  they  are  more  resistant  to  the  poison. 


The  nature  of  this  plague  to  human  kind  is  shown  by  a  state¬ 
ment  in  Agassiz’s  “Lake  Superior"  (p.  61)  written  in  July,  1850, 
by  J.  Elliot  Cabot,  who  prepared  the  narrative  of  the  Agassiz  tour. 
“Neither  the  love  of  the  picturesque,  however,  nor  the  interests 
of  science,  could  tempt  us  into  the  woods,  so  terrible  were  the 
black-flies.  This  pest  of  flies,  which  all  the  way  hither  had  con¬ 
fined  our  ramblings  on  shore  pretty  closely  to  the  rocks  and  the 
beach,  and  had  been  growing  constantly  worse  and  worse,  here 
reached  its  climax.  Although  detained  nearly  two  days, 

*  *  we  could  only  sit  with  folded  hands,  or  employ  ourselves 

in  arranging  specimens,  and  such  other  occupations  as  could  be 
pursued  in  camp,  and  under  the  protection  of  a  ‘smudge.’  One, 
whom  scientific  ardor  tempted  a  little  way  up  the  river  in  a  canoe, 
after  water-plants,  came  back  a  frightful  spectacle,  with  blood- 
red  rings  round  his  eyes,  his  face  bloody,  and  covered  with  punc- , 
tures.  The  next  morning  his  head  and  neck  were  swollen  as  if 
from  an  attack  of  erysipelas.  Mr.  S.  said  he  had  never  seen  the 
flies  so  thick.  *  *  *  *  He  consoled  us,  however,  by  the  in¬ 

formation,  that  it  was  nothing  to  what  they  have  farther  north.” 

The  species  of  that  region  are  S.  vennstum  (Figs.  16-22,  pp. 
45-46)  and  S .  vittatam  (Figs.  23-25,  p.  47),  both  common  in  cen¬ 
tral  and  northern  Illinois. 

These  northern  species  are  also  referred  to  by  Dr.  A.  S.  Pack¬ 
ard  in  his  book  on  “Our  Common  Insects,”  published  in  1873. 
“The  Labrador  fisherman,”  he  says,  “spends  his  summer  on  the 
sea  shore,  scarcely  daring  to  penetrate  the  interior  on  account  of 
the  swarms  of  these  flies.  During  a  summer  residence  on  this 
coast,  we  sailed  up  the  Esquimaux  River  for  six  or  eight  miles, 
spending  a  few  hours  at  a  house  situated  on  the  bank.  The  day 
was  warm  and  but  little  wind  blowing,  and  the  swarms  of  black- 
flies  were  absolutely  terrific.  In  vain  we  frantically  waved  our 
net  among  them,  allured  by  some  rare  moth;  after  making  a  few 
desperate  charges  in  the  face  of  the  thronging  pests,  we  had  to 
retire  to  the  house,  where  the  windows  actually  swarmed  with 
them;  but  here  they  would  fly  in  our  faces,  crawl  under  one’s 
clothes,  where  they  even  remain  and  bite  in  the  night.  The  chil¬ 
dren  in  the  house  were  sickly  and  worn  by  their  unceasing  tor- 
ments;  and  the  shaggy  Newfoundland  dogs  whose  thick  coats 
would  seem  to  be  proof  against  their  bites  ran  from  their  shelter 
beneath  the  bench  and  dashed  into  the  river,  their  only  retreat. 
In  cloudy  weather,  unlike  the  mosquito,  the  black-fly  disappears, 
only  flying  when  the  sun  shines.  The  bite  of  the  black-fly  is  often 
severe,  the  creature  leaving  a  large  clot  of  blood  to  mark  the 
scene  of  its  surgical  triumphs.” 
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The  pernicious  activities  of  the  South  American  black-flies 
were  thus  described  in  1880  by  Prof.  W.  S.  Barnard  (American 
Entomologist,  Vol.  3,  p.  191):  “In  tropical  America  they  are 
a  dreadful  scourge,  where  for  several  nights  I  was  kept  awake  by 
them  when  trying  to  sleep  in  the  forests  near  the  rivers,  sometimes 
finding  myself  and  my  shirt  thickly  specked  with  blood,  from  their 
punctures.  These  minute  sand-flies  of  the  Amazon  have  hard 
bodies,  and  the  swarm  seeks  entrance  beneath  one’s  garments, 
from  which  they  can  not  be  kept  out.  There  they  were  especially 
active  at  night,  together  with  the  mosquitoes.’’ 

Cases  of  reported  fatal  attacks  upon  man  are  given  by  Dr. 
C.  V.  Riley  in  a  general  article  upon  the  subject  published  in  1886,* 
and  by  F.  M.  Webster  in  a  paper  published  in  1904^  “Sufficient 
facts  are  on  record,”  Dr.  Riley  says,  “to  show  that  if  the  gnats 
attack  a  person  suddenly  in  large  swarms  and  find  him  unprepared 
or  far  away  from  any  shelter,  they  may  cause  death.  *  *  * 

*  In  1884  several  persons  were  killed  by  buffalo-gnats.  Mr. 
H.  A.  Winter,  from  near  Helena,  Ark.,  while  on  a  hunting  trip, 
was  attacked  by  them  one  and  a  half  miles  from  home,  while 
passing  some  low  ground.  Running  towards  a  house,  he  was  seen 
to  fall  dead.  All  exposed  parts  of  his  body  had  turned  black. 
Another  man  was  killed  near  Wynne  Station,  Ark.,  on  the  Iron 
Mountain  Railroad.” 

A  more  specific  account  of  a  fatal  attack  is  given  by  Mr.  A.  E. 
Buck,$  who  writes  that  a  nephew  of  his  was  left  upon  an  island 
of  the  Hatchie  River,  in  western  Tennessee,  by  a  fishing  party 
which  took  away  the  only  boat.  As  he  could  not  swim  and  had 
no  matches  with  which  to  make  a  smudge,  he  remained  all  day  at 
the  mercy  of  the  gnats.  Although  rescued  towards  evening,  he 
died  that  night,  with  his  hands,  arms,  face,  and  neck  very  much 
swollen.  “There  is  no  doubt,”  says  Mr.  Buck,  “that  the  buffalo- 
gnats  killed  him.”  Webster  says  that  during  the  period  from 
1881  to  1884  “several  people  were  killed  in  Louisiana  and  Arkan¬ 
sas  by  being  bitten  by  these  gnats,  as  I  was  able  to  prove  by  the 
statements  of  physicians  who  attended  the  sufferers.  *  *  * 

*  I  shall  never  forget,”  he  adds,  “the  sensation  [of  the  bite] 
as  that  of  having  the  skin  rudely  punctured  as  if  by  a  blunt,  hot, 
pin  or  awl,  leaving  behind  a  dull  aching  pain.”§ 

The  local  effect  on  man  is  the  raising  of  an  itching,  burning 
lump  or  welt,  which  lasts  for  hours,  or  sometimes  even  for  days. 


^Report  U.  S.  Commissioner  of  Agriculture  for  the  year  1886,  p.  501. 
t Proceedings  25th  Ann.  Meeting  Soc.  Promotion  Agr.  Sci.,  pp.  53-72. 
t Insect  Life,  Vol.  I  (1S88),  pp.  60  and  61. 

§Proceedings  25th  Ann.  Meeting  Soc.  Promotion  Agr.  Sci.,  pp.  59  and  61. 
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The  possibilities  of  injury  by  a  single  puncture  are  illustrated  by 

Prof.  N.  Leon,  of  Jassy,  Roumania,  in  an  article  published  in 

1909.*  A  soldier  was  bitten  once  upon  the  upper  eyelid  on  the 

afternoon  of  April  19,  with  the  effect  to  close  the  eye  before  the 

next  day.  Altho  the  swelling  was  reduced  within  four  days  by 
antiphlogistic  applications,  the  pressure  on  the  blood-vessels  of 
the  eyeball  had  caused  a  dry  gangrene  which  permanently  blinded 
the  eye. 

Injuries  to  Domestic  Animals 

I  find,  however,  no  record  of  human  suffering  to  parallel  that 
of  the  domestic  animals,  especially  cattle,  when  heavily  attacked 
by  the  black-fly.  In  these,  hard  tumors  are  produced  which  sup¬ 
purate  within  a  few  hours,  lasting  eight  or  ten  days.  These  are 
most  numerous  on  the  less  hairy  parts  of  the  body — the  mouth, 
the  nose,  the  eyes,  the  ears,  the  mammae,  and  the  abdomen.  The 
flies  often  penetrate  the  nasal  cavities,  causing  inflammation  and 
consequent  difficulty  of  respiration  which  may  even  produce  death 
by  asphyxiation.  When  first  attacked,  horses  and  mules  become 
perfectly  frantic,  rush  hither  and  thither,  rolling  on  the  ground, 
dashing  off  wildly  again,  and  repeating*  these  actions  until  they 
become  worn  out.  Cattle  act  very  similarly,  rush  through  dense 
thickets  to  rid  themselves  of  their  tormentors,  but  all  in  vain,  as 
the  speed  of  the  black-fly  on  the  wing  is  greater  than  that  of  its 
victims.  Even  hogs  run  madly  about,  burying  themselves  in  mud 
holes  if  these  are  accessible;  and  sheep  run  about  blindly,  with 
piteous  bleats.  In  Louisiana,  in  1882,  the  deer  were  driven  from 
the  woods  by  them,  frequently  taking  refuge  from  their  tormentors 
in  the  smudges  built  by  planters  for  the  protection  of  their  cattle 
When  in  their  agonies,  they  would  allow  people  to  rub  the  gnats 
from  their  bodies,  and  would  even  lie  down  in  the  glowing  embers 
or  hot  ashes  in  their  frantic  efforts  to  seek  relief. f 

When  domestic  animals  are  lightly  attacked  the  condition  of 
the  victim  is  not  particularly  threatening,  and  health  may  be  re¬ 
stored  within  a  few  days.  Indeed,  herds  subject  to  this  infesta¬ 
tion  become  partially  immune  to  it,  suffering  much  less  than  cat¬ 
tle  brought  in  from  outside  districts.  If,  however,  the  number  of 
punctures  is  great,  threatening  symptoms  appear,  invariably  end¬ 
ing  in  death.  The  appearance  of  fatigue,  the  complete  failure  of 

*Centralblatt  fur  Bakteriologie,  Parasitenkunde,  und  Infektionskrankheiten. 
Bd.  51,  p.  659. 

fBull.  U.  S.  Div.  Ent.,  No.  14.  p.  32. 
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the  appetite,  the  staring  coat,  the  drooping  head,  the  hanging  ears, 
'  the  eyes  at  first  injected  and  afterwards  dull  and  expressionless, — 
all  indicate  an  overwhelming  malady.  The  animal  trembles  in  all 
its  members  and  staggers  when  it  walks;  its  mucous  membranes 
are  at  first  congested,  but  later  become  pale  except  where  points 
of  inflammation  mark  the  punctures  of  the  pest.  There  is  a  high 
fever  at  first,  with  full  and  rapid  pulse ;  but  later  this  becomes 
feeble  and  threadlike,  and  sometimes  intermittent,  and  death  ap¬ 
pears  after  a  few  hours  unless  efficient  treatment  has  been  prompt¬ 
ly  applied. 

Prevention  and  Protection 

Measures  of  prevention  and  protection  against  these  insects  are 
of  two  kinds, — the  use  of  repellents  intended  to  drive  away  the 
winged  flies,  and  measures  for  the  local  destruction  of  the  aquatic 
larvae.  The  repellents  used  are  either  smudges,  or  surface  appli¬ 
cations  made  to  keep  the  flies  from  biting.  The  black-fly  will  not 
endure  a  dense  smoke,  and  the  well-known  mosquito  smudge  seems 
to  be  ordinarily  sufficient  for  the  protection  of  man.  In  the  South, 
leather,  cloth,  and  other  materials  which  will  make  the  densest  and 
most  stifling  smoke,  are  often  preserved  for  this  use  in  spring. 
Smudges  are  built  in  pastures  for  the  protection  of  stock,  and  are 
kept  burning  before  the  doors  of  barns  and  stables.  As  the  black- 
flies  do  not  readily  enter  a  dark  room,  light  is  excluded  from 
stables  as  much  as  possible  during  the  gnat  season.  If  teams  must 
be  used  in  the  open  field  while  the  gnats  are  abroad,  they  may  be 
protected  against  the  attacks  of  the  gnats  by  applying  cotton-seed 
oil  or  axle-grease  to  the  surface,  especially  to  the  less  hairy  parts 
of  the  animals,  at  least  twice  a  day.  A  mixture  of  oil  and  tar, 
and,  indeed,  several  other  preventives,  are  in  practical  use  in 
badly  infested  regions;  but  no  definite  test  or  exact  comparison 
has  been  made  with  any  of  them  in  a  way  to  give  a  record  of  the 
precise  results. 

It  is  easy  to  drive  the  flies  from  houses  or  tents  by  burning 
pyrethrum  powder  inside ;  this  either  kills  the  flies  or  stupefies 
them  so  that  they  do  not  bite  for  some  time  thereafter.  Lugger 
says  that  this  method  is  in  general  use  by  the  hunters  and  trappers 
of  the  Hudson  Bay  Company,  and  that  he  has  also  used  it  suc¬ 
cessfully  in  his  numerous  trips  in  Minnesota.* 

Oil  of  tar  is  commonly  applied  to  the  exposed  parts  of  the  body 
for  the  purpose  of  repelling  the  insects,  and  this  preparation  is 
supplied  by  the  Hudson  Bay  Company  to  its  employees.  Minne- 


*Seconcl  Ann.  Rep.  Ent.  State  Exper.  Sta.,  ETniv.  Minn.,  p  182. 
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sota  fishermen  and  hunters  frequently  grease  their  faces  and  hands 
with  a  mixture  of  kerosene  and  mutton  tallow  for  the  same  pur¬ 
pose.  Description  of  measures  for  the  destruction  of  the  larvae  and 
pupae  in  streams  may  best  be  left  until  the  life  history  of  the  black- 
flies  has  been  discussed. 

General  Features  of  Life  History  of  Illinois  Species 

Neither  the  life  histories  nor  the  habits  of  any  of  our  American 
species  have  been  sufficiently  studied,  and  the  one  best  known 
(S.  pictipes,  Figs,  n,  12,  p.  41)  happens  to  be  of  the  least  interest 
from  our  present  point  of  view,  since  it  has  never  been  known  to 
bite.  Our  Illinois  species  differ  considerably  in  distribution,  life 
history,  and  places  of  most  frequent  occurrence.  Two  of  them,  the 
so-called  turkey-gnat  (S.  meridionale,  Fig.  8,  p.  37)  and  the  buffalo- 
gnat  (S.  pecuarum,  Figs.  9,  10,  pp.  40,  41)  are  the  species  to  which 
southern  accounts  of  these  insects  usually  apply.  Altho  they  occur 
occasionally  far  to  the  north,  they  are  southern  in  their  general 
range  and  predominant  numbers,  and  have  not  been  found  by 
us  in  northern  Illinois.  N.  venustum,  the  black-fly  or  sand-flv  of 
the  northern  woods,  is,  on  the  other  hand,  perhaps  the  most  abun¬ 
dant  species  in  the  north,  altho  S.  vittatum  is  frequently  found  in 
its  company.  The  first  of  these  is  said  by  Prof.  F.  L.  Washburn 
to  be  an  annoyance  to  stock  in  Minnesota,  and  the  second  a  tor¬ 
ment  to  mankind.  These  two  species  are  the  commonest  ones  in 
northern  and  central  Illinois.  We  have  likewise  a  fifth  species, 
hitherto  undescribed,  the  larva  of  which  is  abundant  in  the  Illinois 
River,  and  four  or  five  others  which  occur  more  sparingly  in  vari¬ 
ous  parts  of  the  state. 

Our  species  differ  also  in  the  number  of  generations,  the  two 
especially  southern  forms  (pecuarum  and  meridionale')  having,  so 
far  as  known,  but  one  generation  in  a  year,  which  reaches  the 
winged  stage  in  early  spring;  while  the  two  most  abundant  north¬ 
ern  forms  (venustum  and  vittatum )  appear  in  the  winged  stage 
at  intervals  thruout  the  summer,  and  evidently  have  two  or  more 
generations- — just  how  many  is  not  yet  known.  S.  pictipes  also 
develops  at  least  two  generations. 

Some  of  these  species  breed  mainly  in  small  streams,  while 
others  find  favorable  situations  for  reproduction  in  the  largest 
rivers.  S.  meridionale  and  vittatum  are  examples  of  the  first 
habit,  and  pecuarum  and  venustum  of  the  second.  Larvae  and 
pupae  of  all  are  limited  to  flowing  streams,  the  larvae  quickly  dy¬ 
ing,  indeed,  if  transferred  to  quiet  water.  They  are  evidently 
very  sensitive  to  a  deficiency  of  oxygen,  and  can  live,  as  a  rule, 
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only  where  the  current  is  swift  or  where  its  movement  is  so  inter¬ 
rupted  by  shallows  or  by  objects  lying  or  growing  or  suspended 
in  the  stream  as  to  produce  at  least  a  surface  whirl  or  ripple. 

The  larvae  are  rather  peculiar  creatures,  with  slender,  cylindric¬ 
al,  maggot-like  bodies,  thickened  and  club-shaped  at  the  hinder 
end,  by  which  they  adhere  to  some  submerged  object,  and  with 
a  pair  of  fanlike  clusters  of  filaments  near  the  mouth.  They  are 
commonly  grouped  in  colonies,  often  thickly  covering  the  object 
to  which  they  are  attached.  They  spin  from  their  mouths  silken 
threads,  with  which  they  form  a  loose  network  covering  the  sur¬ 
faces  they  occupy,  and  by  means  of  which  they  can  recover  their 
position  if  swept  away  by  the  current.  They  move  mainly  like  a 
measuring-worm,  with  the  aid  of  a  sucker  near  each  end  of  the 
body.  They  pupate  in  a  case  or  nest  composed  of  web  spun  from 
the  mouth  (Fig.  21,  p.  46)  and  the  pupa  breathes  by  a  pair  of 
tufted  gills  extending  forward  from  the  open  mouth  of  the  case. 

In  the  two  species  whose  life  histories  have  been  fairly  well 
followed,  namely  pictipcs  and  venustum,  about  two  months  elapse 
in  summer  between  the  laying  of  the  egg  and  the  appearance  of 
the  winged  fly,  the  egg  stage  lasting  about  one  week,  the  larval, 
four  weeks,  and  the  pupal,  three.  In  colder  weather  the  develop¬ 
ment  proceeds  more  slowly.  As  these  species  hatch  from  the  egg 
in  New  York  in  the  first  part  of  May,  there  is  time,  at  this  rate, 
for  three  successive  generations,  the  last  of  which  hibernates  in 
the  larval  stage,  pupating  in  April  of  the  following  year.  We  have 
sufficient  data  concerning  the  times  of  occurrence  of  the  winged 
black-flies  in  Illinois  to  bring  all  but  three  of  our  species  under 
this  category.  The  single-brooded  species  appear  in  the  winged 
stage  in  central  Illinois  in  April  and  May,  the  date  of  maximum 
abundance  here  in  two  successive  years  having  been  about  April 
2 5.  The  farther  south  one  goes,  and  the  earlier  the  spring,  the 
earlier  is  the  swarming  time  of  the  gnats.  Indeed,  there  is  one 
report  from  Louisiana  of  the  appearance  of  winged  buffalo-gnats 
during  every  month  of  an  unusually  mild  winter,  and  a  consequent 
failure  of  the  usual  spring  rush  in  February  and  March.*  Altho 
six  of  our  Illinois  species  send  out  summer  generations,  these  are  so 
scanty  and  scattering  that  it  is  difficult  to  find  winged  specimens 
in  the  field,  even  by  careful,  expert  search,  at  any  time  except  in 
spring. 

Breeding  Situations  oe  the  Black-elies 

The  number  of  our  Illinois  species  and  the  fact  of  their  dis¬ 
tribution  in  all  parts  of  the  state  make  it  practically  certain  that 
Mack-flies  may  be  found,  sooner  or  later,  wherever  and  whenever 


*Tn?:ect  Life,  Vol  4,  p.  143. 
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the  somewhat  peculiar  local  conditions  required  for  their  breeding 
are  present.  These  conditions  are,  in  the  first  place,  running  water 
continuous  thru  the  breeding  season,  and,  in  the  second  place,  either 
a  rippling  surface  or  a  fairly  rapid  flow  of  the  stream.  It  is  also 
necessary  that  there  should  be  solid  objects  in  the  water,  not  more 
than  a  few  inches  under  the  surface,  upon  which  the  eggs  may  be 
laid  and  to  which  the  larvae  may  cling.  The  water  must  also,  of 
course,  contain  a  sufficient  supply  of  the  smaller  plankton  and  other 
organic  particles  upon  which  the  larvae  feed.  As  they  remain  at¬ 
tached  like  plants,  and  can  not  search  for  food,  they  are  dependent 
on  whatever  chance  brings  within  the  reach  of  the  prehensile  ap¬ 
paratus  about  the  mouth.  The  species  which  breed  in  rivers  find 
these  conditions  most  general  during  high  water,  especially  in 
spring.  Then  the  current  of  the  stream  is  comparatively  swift  and 
strong  near  the  shores,  and  the  marginal  overflow  reaches  to 
trees  and  shrubs,  stranded  driftwood,  and  the  like,  which  create 
the  necessary  surface  disturbance  and  at  the  same  time  provide 
places  of  attachment  for  the  eggs  and  larvae.  In  the  smaller 
streams,  on  the  other  hand,  times  of  flood  are  less  favorable  ex¬ 
cept  where  there  is  a  rocky  bed ;  but  as  the  summer  grasses  grow, 
dipping  into  the  stream,  and  marginal  shrubs  droop  their  twigs, 
loaded  with  leaves,  into  the  water,  and  as  the  heavier  objects  on 
the  bottom  of  the  creeks  and  rivulets  are  brought  near  the  surface 
by  the  shrinking  of  the  stream,  many  suitable  places  may  be 
found  here  and  there  for  the  black-fly  to  deposit  its  eggs  and  for 
the  young  to  reach  the  pupation  stage. 

Myriads  of  these  insects  are  sacrificed,  as  our  field  notes  show, 
when  the  waters  fall,  leaving  the  pupse  exposed,  and  liable  to  dry 
out.  Small  fish,  and  certain  carnivorous  insects,  especially  case- 
worms,  devour  the  larvre,  and  their  numbers  in  summer  and  fall 
are  rarely  very  great  in  our  latitude.  The  bottom-lands  of  our 
principal  rivers — the  Illinois,  the  Mississippi,  the  Ohio,  and  the 
Wabash — from  the  middle  of  April  to  the  middle  of  May,  are  al¬ 
most  the  only  situations  in  which  the  black-flies  may  be  called  a 
plague.  As  the  swarms  of  these  insects  are  readily  blown  about 
by  the  wind,  they  are  often  carried  to  considerable  distances  from 
their  place  of  origin;  and  cases  are  on  record  in  which  they  must 
have  been  borne  several  miles  m  this  way.  The  adults  are  not 
long-lived,  and  an  outbreak  does  not  ordinarilv  continue  annov- 
ing  longer  than  ten  davs.  A  storm  of  wind  and  rain  mav,  in  fact, 
put  an  end  to  it  in  even  less  time.  The  black-fly  plague  is  virtu¬ 
ally  uncontrollable,  except  in  a  local  way  where  it  is  due  to  a  com¬ 
paratively  small  stream.  Such  a  stream  may  he  cleaned  and  cleared 
of  breeding  places,  and  may,  if  further  measures  are  necessary,  be 
treated  with  phinotas  oil  in  a  way  to  destroy  all  the  black-fly 
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larvae,  with  no  injury  to  the  fish  which  it  may  contain.  It  is  scarce¬ 
ly  necessary  for  my  present  purposes  to  describe  this  method  in 
detail,  especially  as  those  interested  may  get  particulars  by  writ¬ 
ing  to  the  U.  S.  Department  of  Agriculture  for  Bulletin  46  of  its 
Division  of  Entomology. 

The  Illinois  Species  of  Simulium 

S.  bracteatum  Coq. — This  American  species,  first  described  in 
1898,  is  in  our  collections  only  from  Algonquin,  McHenry  county, 
Ill.,  where  adults  were  taken  by  Dr.  Wm.  A.  Nason  on  house 
windows  and  on  plants  beside  a  creek  May  1  and  4  an'd  August 
16  and  22.  It  is  thus  evidently  at  least  two-brooded.  Outside 
Illinois  it  is  known  to  occur  in  Massachusetts,  New  York,  Michi¬ 
gan,  Kansas,  and  California.  We  have  nothing  on  record  con¬ 
cerning  its  breeding  places  or  habits. 

S.  hirtipes  Fries. — A  very  rare  species  in  our  collections,  two 
adults  only  having  been  taken  at  Algonquin,  McHenry  county,  on 
April  29.  It  is  locally  abundant,  however,  in  New  York.  Mac- 
Gillivray  and  Holton  found  it  common  in  the  Adirondack  Moun¬ 
tains  during  May  and  the  early  part  of  June,  1903 ;  and  it  has  also 
been  received  by  Johannsen  from  Ithaca,  N.  Y.,  and  from  Idaho. 

It  is  a  European  species,  widely  distributed  in  central  and 
northern  Europe,  where,  as  in  this  country,  it  apparently  occurs 
but  once  a  year — in  northern  Scandinavia,  for  example,  from  the 
middle  of  June  to  the  beginning  of  August.*  There  is  probably 
but  one  generation  in  a  season.  • 

It  is  a  persistent  biting  species,  and  probably  breeds  in  small 
streams,  since  larvae  and  pupae  of  hirtipes  have  been  collected  by 
Kellogg  from  the  campus  of  Stanford  University,  in  California, 
and  in  Austria  it  is  reported  only  from  the  high  mountain  ranges. 
Its  occurrence  in  the  Adirondacks,  at  Ithaca,  and  also  at  Algon¬ 
quin,  Ill.,  in  the  neighborhood  of  a  small  stream,  and  Zetterstedt’s 
statement  that  it  is  found  in  Scandinavia  among  grasses  and  upon 
the  leaves  and  flowers  of  shrubs,  especially  of  willows, — all  sup¬ 
port  this  supposition.  Larvse  are  found  in  New  York  in  the  latter 
part  of  April  and  the  first  two  weeks  of  May,  most  of  them  pupat¬ 
ing  before  the  middle  of  the  latter  month,  and  adults  appearing 
eight  or  nine  days  later — some,  indeed,  as  early  as  May  1. 

S.  johannseni  Hart,  n.  sp.  (Figs.  2-7). — A  species  of  buf¬ 
falo-gnat  most  nearly  allied  perhaps  to  the  turkey-gnat,  meridi on- 
ale,  has  been  found  in  considerable  numbers  in  central  Illinois, 


*Diptera  Scanclinaviae  disposita  et  descripta.  Johanne  Wilhelmo  Zetter 
stedt,  T.  IX,  p.  3426.  1850. 
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especially  on  the  Illinois  River  at  Havana.  Submitted  to  Prof. 
O.  A.  Johannsen,  of  Orono,  Me.,  the  leading  authority  on  the 
species  of  this  genus  in  America,  it  was  pronounced  new  and  un¬ 
described.  It  first  came  to  our  notice  thru  dredgings  made  from 
the  Illinois  River  at  Havana  March  25,  1895,  appearing  in  large 
numbers  in  a  collection  made  with  a  naturalist’s  dredge  from  the 
bottom  of  the  river  near  the  west  shore,  in  the  neighborhood  of 
an  old  railroad  bridge.  Larvae  were  found  at  the' same  station 
March  31  and  April  8;  and  both  larvae  and  pupae  were  taken 
here,  and  also  at  Stony  Creek,  Vermilion  county,  April  8  and  20. 
Adults  were  collected  at  Havana  from  April  19  to  25,  1910  (be¬ 
ing  especially  abundant  on  the  22d),  and  again  June  14;  and 
finally  a  single  specimen  was  caught  at  the  same  place  October  1. 
April  22  was  a  windy  day,  and  the  flies  were  assembled  on  drift¬ 
wood  in  a  swarm;  and  others  were  floating  on  the  surface  in  a 
dense  layer  covering  a  small  area  protected  by  surrounding  logs. 
The  dates  for  the  adult  show  that  this  is  a  several-brooded  species. 

The  following  description  of  S.  johannseni  is  by  Mr.  C.  A. 
Hart. 

Male. — Slaty-black,  invested  with  silvery  white  hair,  rather 
long  on  the  abdomen,  becoming  blackish  on  the  anterior  coxse,  the 
second  palpal  joint,  and  the  posterior  face  of  the  fore  femora, 
moderately  dense  on  the  mesonotum  and  legs.  Eyes  contiguous, 
the  lower  halves  sharply  differentiated  as  usual,  their  facets  hardly 
1/3  the  diameter  of  those  of  the  upper  halves.  Antennae  and  palpi 
black,  antennae  with  minute  silvery  pubescence. 

Mesonotum  with  rather  dense  short  silvery  pubescence,  that  on 
disk  with  a  faint  golden  tint.  In  certain  lights  three  longitudinal  dark 
lines  are  traceable — a  pair  distant  about  one-third  the  width  of  the 
mesonotum,  curved  broadly  outward  near  middle,  and  a  median  line 
between  them.  Scutellum  with  longer  hairs  directed  medially; 
metanotum  lustrous,  slightly  brownish,  with  microscopic  pubescence. 

Abdomen  with  somewhat  sparse  silvery  pubescence,  longer  ante¬ 
riorly,  especially  on  the  sides  of  the  first  segment.  Legs  with  silvery 
white  pubescence  arising  from  minute  black  points,  the  hairs  in  some 
lights  slightly  fuscous,  and  distinctly  blackish  on  the  posterior  side 
of  the  fore  femora.  Surface  beneath  the  pubescence  yellowish  fus¬ 
cous;  cox?e  mostly  black;  tips  of  femora,  basal  and  apical  thirds  of 
fore  tibioe  and  basal  and  apical  fourths  of  middle  and  hind  tibire 
black,  the  lines  of  separation  sharply  defined,  the  dark  ends  on  the 
tibioe  connected  by  a  dark  line  along  the  extensor  surface;  tarsi 
black,  the  base  of  the  fore  metatarsus  sometimes,  the  basal  half 
of  the  middle  metatarsus,  all  but  the  extreme  base  and  apex  of  the 
hind  metatarsus,  and  often  more  or  less  of  the  second  segment 
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of  the  hind  tarsus,  yellowish ;  under  side  of  fourth  tarsal  segment 
more  or  less  yellowish.  Hind  metatarsus  elongate,  parallel-sided, 
about  six  times  as  long  as  broad,  one  half  broader  than  the  re¬ 
maining  tarsal  segments,  one  third  longer  than  the  remaining  seg¬ 
ments  together.  Tarsal  claws  trifid.  Halteres  fuscous,  wing  veins 
yellowish,  the  costa  and  radius  with  minute  black  spines. 

Length,  2^4  mm.  (alcoholic  specimens,  about  4  mm.)  ;  wing, 
about  3  mm. 

Female. — Slaty  gray,  invested  with  silvery  white  pubescence  on 
dorsum  of  thorax  and  abdomen  and  on  legs,  slightly  denser 


Fig.  2.  Simulium  johannseni ,  front  of  head 
of„female.  X  35.  (Not  reliable  as  to  struc¬ 
ture  of  palpi.) 


than  in  the  male.  Antennae  and  palpi  about  as  in  the  male. 
Face  slaty  gray,  a  little  longer  than  broad,  sides  parallel,  nearly 
straight ;  invested  with  sparse  whitish  hairs ;  front  like  the  face  in 
color  and  vestiture,  narrow  between  the  eyes,  at  the  narrowest  point 
about  as  wide  as  the  thickest  part  of  the  antennae;  just  below  this 
point  a  narrow  sinus  about  twice  as  deep  as  the  narrowest  width  of 
the  front;  front  above  widening  to  about  twice  this  width. 


Fig.  3. 


Fig.  4. 


Figs.  3,  4.  Simiiliutn  johannseni :  Fig.  3,  right  hind  leg  of  female  (X  11);  Fig.  4,  tarsal  claw 
of  right  hind  leg  of  female. 
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Thorax  slaty  gray,  mesonotum  with  rather  long  and  dense  sil¬ 
very  white  pubescence,  the  three  longitudinal  lines  more  distinct 
than  in  the  male,  the  lateral  ones  nearly  straight,  diverging  pos¬ 
teriorly;  scutellum  with  apex  yellowish  and  sides  often  broadly 
margined  with  yellowish ;  metanotum  about  as  in  the  male. 

Abdomen  with  a  pale  grayish  median  stripe,  broadened  basally 
and  apically;  pubescence  silvery,  not  very  sparse,  short  on  the 
median  stripe,  and  rather  long  and  wavy  each  side  of  it. 

Coloration  of  legs  and  form  of  metatarsus  almost  exactly  as 
in  the  male ;  tarsal  claws  bifid. 

Wings  as  in  the  male;  halteres  yellowish  fuscous. 

Length,  2x/2  to  3  mm.  (alcoholic  specimens  about  4  mm.)  ; 
wing,  about  3  mm. 

Described  from  numerous  specimens  taken  along  the  margin  of 
the  Illinois  river  at  Havana  April  26,  1912. 

Examples  in  alcohol,  from  the  same  locality  April  22,  1898, 
show  the  leg  pattern  very  distinctly  (Fig.  3),  and  also  the  follow¬ 
ing  yellowish  markings  which  are  not  evident  in  the  pinned  speci¬ 
mens.  The  palpi  are  yellowish  basally ;  there  is  a  small  pale  spot 
on  the  pleura  beneath  the  humeral  angle ;  and  the  metapleura  and 
scutellum  are  mostly  yellowish.  The  extended  abdomen  may  be 
described  as  yellowish  with  broad  slaty-gray  transverse  bands,  one 
to  a  segment,  the  anterior  and  posterior  margins  of  the  segments 
yellowish.  In  the  male,  on  segments  6  to  8,  these  bands  are  more 
or  less  interrupted ‘at  middle;  the  ends  of  the  bands  extend  around 
on  the  sides  of  the  ventral  surface,  the  venter  is  yellowish  with  a 
median  row  of  dark  spots  bearing  blackish  hairs,  and  the  last  seg¬ 
ment  is  yellowish  dorsally,  sometimes  with  a  small  dark  mark 
each  side.  In  the  female  the  bands  are  present  on  all  but  the  last 
three  segments,  each  band  interrupted  at  middle  by  a  quadrate  yel¬ 
lowish  spot,  behind  which  the  posterior  margin  is  narrowly  slate- 
colored;  and  the  venter  is  yellowish. 

The  color-pattern  of  the  legs  is  unique  so  far  as  the  American 
species  are  concerned. 

Larva. — We  have  not  bred  johannseni  *  and  its  immature  stages 
are  consequently  unknown.  We  have  taken  two  species  of  these 


Fig.  5.  Simulium johannseni ,  larva,  dorsal  view.  X  8%. 


*Since  bred  by  us  from  the  larva  here  assigned  to  it. — S.  A.  F. 


in  the  Illinois  River  near  where  the  above  described  adults  were 
obtained.  One  of  these  we  have  bred  to  meridionale ;  the  other 
is  different  from  any  described  species,  and  may  be  provisionally 
associated  with  johannseni.  The  larva  has  been  taken  on  sub¬ 
merged  willows  along  the  river  margin,  and  also  by  dredging,  and 
is  apparently  very  abundant.  The  pupa  has  uniformly  only  four 
gill  filaments — a  smaller  number  than  has  any  other  species  known 
to  me. 


Fig.  6.  Simulium  johannseni ,  antenna  and  mouth-parts  of  larva:  a,  labium  from  beneath, 
ventral  view;  b,  mandible,  ventral  view;  c,  toothed  tip  of  mandible;  c/,  antenna;  e,  maxilla, 
ventral  view. 


The  larva  (Fig.  5)  somewhat  resembles  that  of  venustum. 
The  alcoholic  specimens  are  rather  light-colored,  marked  with 
fuscous  cross-bands  and  patches.  The  fans  have  about  forty-eight 
rays.  The  antennae  are  hyaling,  faintly  tinged  with  yellowish,  the 
third  joint  slightly  more  than  one-third  the  length  of  the  first. 
The  mandibles  (Fig.  6,  b,)  have  the  apical  pair  of  bristles;  the 
apical  teeth  are  castaneous.  The  maxillary  palpus  (Fig.  6,  e) 
bears  a  few  scattered  bristles.  The  toothed  area  of  the  labium 
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(Fig.  6,  a )  is  quite  narrow;  the  teeth  are  simple,  about  as  long  as 
their  basal  width,  the  median  one  and  a  lateral  pair  about  twice 
as  long  as  the  others ;  exterior  to  each  lateral  tooth  is  another 
tooth  set  a  little  lower  down;  the  lateral  row  of  setae  are  two  in 
number,  rarely  three. 

The  upper  surface  of  the  head  shows  on  the  median  line  an 
elongate  spot  and  a  dot  in  front  of  it;  on  each  side  of  the  inter¬ 
val  between  these  are  two  minute  dots,  and  back  of  them  two  more 
dots.  The  anterior  lateral  pair  may  be  confluent,  or  the  entire 
pattern  may  be  more  or  less  obscured.  The  body  pattern  is  varia¬ 
ble  to  some  extent ;  there  are  oblique  lines  and  curves  on  the 
thorax  above,  transverse  bars  on  the  narrower  abdominal  seg¬ 
ments,  narrowed  or  interrupted  at  middle,  a  broad  complex  patch 
on  the  posterior  enlarged  portion,  usually  containing  a  pale  median 
area  towards  the  posterior  extremity,  a  row  of  small  median  spots 
on  -the  ventral  segments,  beginning  with  a  larger  one  on  the  pos¬ 
terior  side  of  the  thoracic  prolegs,  and  often  one  or  two  conspicu¬ 
ous  blackish  spots  on  the  sides  of  the  posterior  enlargement. 

The  blood  gills  are  compound;  the  main  stem  of  each  of  the 
three  primary  filaments  appears  to  curve  forward,  and  produces 
simple  branches  on  its  posterior  side. 

Pupa. — The  pupa  is  brownish  testaceous.  The  respiratory  fila¬ 
ment  divides  close  to  the  base  and  the  fork  almost  immediately 


Fig.  7.  Simulium  johannseni ,  pupa,  three-quarters’  view.  X  8%- 


again  divides,  forming  four  long  filaments  each  side.  On  the  dor¬ 
sum  of  the  abdomen  there  are  anteriorly  three  transverse  series 
of  strong  dark-brown  hooks  recurved  forwards,  eight  in  each,  four 
on  a  side,  quite  regularly  spaced  and  not  very  close-set,  with  a 
broad  median  interval.  These  are  near  the  posterior  margins  of 
segments  2,  3,  and  4;  those  on  2  are  smaller  than  the  others. 
Back  of  these  are  four  rows  of  smaller  and  lighter-colored  poste¬ 
riorly  recurved  hooks,  six  or  eight  on  a  side,  closely  but  irregularly 
set,  with  a  lesser  median  interval.  These  are  near  the  bases  of 
segments  6,  7,  8,  and  9.  At  the  apex  is  a  rather  distant  pair  of 
short  spines.  Beneath,  segments  4,  5,  6,  and  7  each  bear  near  the 
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apical  margin  four  anteriorly  recurved  hooks  of  an  intermediate 
size,  two  on  each  side  with  a  wide  median  interval.  Each  lateral 
pair  on  4  and  5  are  nearly  as  close-set  as  the  anterior  dorsal  hooks ; 
those  on  6  and  7  are  nearly  as  far  apart  as  the  median  interval. 

The  cocoon  is  of  the  usual  color  and  “wall-pocket”  form. 

S.  meridionale  Riley  (Fig.  8). — This  species,  which  is  known 
as  the  turkey-gnat,  is  one  of  the  most  troublesome  and  wide-spread 
black-flies  in  the  United  States.  It  appears  to  be  the  predominant 


Pig.  8.  The  Turkey-gnat,  Simu- 
liurn  meridionale ,  front  of  head. 

X  35.  (Drawn  from  dried  speci¬ 
mens;  structure  of  palpi  not  to  be 
depended  on.) 

element  in  the  great  spring  outbreaks  along  our  larger  Illinois 
rivers — the  Illinois,  the  Mississippi,  and  the  Wabash.  We  have  it 
from  several  points  in  the  river  bottoms  and  on  the  margins  of 
the  bluffs  about  Havana.  Osborn  says  in  his  “Insects  affecting 
Domestic  Animals”*  that  “in  this  species  the  breeding  grounds  are 
limited  to  the  smaller  streams  and  branches,  and  the  larvae  are 
found  attached  to  submerged  dead  leaves.”  Adults  are  in  our  col¬ 
lections  from  Mt.  Carmel,  White  county,  on  the  W abash ;  from 
Greene  county,  on  the  lower  Illinois;  and  from  Normal,  McLean 
county.  Still  others  were  collected  near  a  small  creek  at  Aledo,  in 
Mercer  county,  well  up  towards  northern  Illinois.  All  were  taken 
between  April  9  and  May  13.  The  time  of  maximum  abundance 
in  central  Illinois  in  two  successive  years  was  about  April  25. 

The  range  of  the  species  outside  Illinois  is  very  broad,  includ¬ 
ing  New  Hampshire,  Massachusetts,  Virginia,  Kentucky,  Nebraska, 
Louisiana,  Texas,  and  New  Mexico.  Notwithstanding  its  occa¬ 
sional  occurrence  far  to  the  north,  it  is  essentially  a  southern  spe¬ 
cies,  and  it  is  most  abundant  to  the  southward  in  this  state. 


*Bull.  No.  5.  N-  Ser.,  Bureau  of  Ent.,  U.  S.  Dept.  Agr. 
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The  fact  that  it  commonly  appears  on  the  wing  but  once  during 
the  year,  its  usual  period  in  the  South  being  about  six  weeks  in 
spring,  points  to  the  conclusion  reached  by  Riley  that  it  has  but 
one  annual  generation.  In  Louisiana  this  is  abroad  in  February 
and  March,  but  in  New  Mexico  it  is  said  by  Townsend  to  have 
been  abundant  in  1891  from  the  middle  to  the  last  of  May,  appar¬ 
ently  continuing  thru  the  month  of  June.  In  the  year  1891  it  was 
common  on  the  lower  Red  River  in  Louisiana  in  December,  Janu¬ 
ary,  February,  and  March — a  fact  attributed  by  local  observers  to 
the  unusually  warm  and  open  character  of  the  winter.  In  north¬ 
ern  Ohio  (Wayne  county)  adults  were  abundant  May  11,  and 
larvae,  some  of  which  were  very  small,  and  pupae,  as  well  as  adults, 
were  found  on  the  16th  of  May.*  In  New  Mexico,  C.  H.  Tyler 
Townsend  found  this  species  (re-described  by  him  as  S.  occiden- 
tale)  swarming  May  7,  and  generally  abundant  by  the  middle  to 
the  last  of  May. 

Its  life  history  has  really  not  been  traced,  and  nothing  is  known 
of  the  stages  or  places  in  which  it  passes  the  summer  and  fall.  It 
hibernates  as  a  larva,  and  pupates  in  spring.  It  is  one  of  the  three 
or  four  most  notorious  and  destructive  of  our  American  black- 
flies,  and  joins  with  the  buffalo-gnat  (S.  pecuarum)  in  doing  enor¬ 
mous  damage  to  live  stock  and  poultry  in  the  southern  states. 

A  correspondent,  James  T,  Gilliam,  of  the  U.  S.  Entomologist, 
writing  from  Charlotte  county,  Virginia,  in  1888,  makes  a  state¬ 
ment  especially  interesting  because  of  its  possible  bearing  upon  the 
function  of  this  gnat  as  a  carrier  of  the  germs  of  contagious  dis¬ 
ease.  He  reports  that  in  his  region  it  is  known  as  the  “cholera- 
gnat,”  because  supposed  to  produce  chicken  cholera.  Thousands  of 
chickens  and  turkeys  are  killed  by  it  every  year  in  that  section. 
“I  moved  to  this  place  in  January  last,”  he  says,  “and  was  told  that 
it  would  be  impossible  to  raise  chickens  or  turkeys  as  the  cholera 
would  kill  them  all ;  notwithstanding  which  I  bought  both  chickens 
and  turkeys,  determined  to  fight  the  cholera  should  it  appear.  Saw 
nothing  of  it  until  about  the  1st  of  April,  when  my  attention  was 
attracted  first  by  the  turkeys  shaking  and  rubbing  their  heads,  and 
upon  examination  found  the  gnats  upon  the  wattles  sucking  vigor¬ 
ously.  The  gobblers  and  roosters  are  the  first  to  succumb,  as  their 
wattles  and  combs  are  larger,  exposing  a  larger  surface  for  the 
gnats  to  work  upon.  The  fowl  grows  weak  and  feverish ;  the  dis¬ 
charge  from  the  bowels  becomes  frequent  and  watery,  resembling 


*Bull.  No.  31,  N.  Ser.,  Div.  Ent.,  U.  S.  Dept.  Agr.,  p.  86. 
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sulphur  and  water,  and  in  a  few  days  the  fowl  dies  of  “chicken 
cholera."* 

Riley  gives  a  very  different  account  of  the  effect  of  these  gnats 
on  poultry  in  Louisiana,  showing  that  the  local  conditions  in  Vir¬ 
ginia  were  peculiar.  “Setting  turkeys  and  hens,'’  he  says,  “are 
frequently  forced  by  the  gnats  to  leave  their  nests.  Young  fowl 
are  killed  outright.  The  gnats,  in  attacking  fowls  of  all  kinds, 
force  their  way  under  the  wings  of  their  victims,  where  they  can 
not  be  dislodged.” 

A  similar  suspicion  of  the  conveyance  of  disease  may  be  based 
upon  Riley’s  statement  with  respect  to  swine,  which,  he  says,  show 
the  effects  of  the  bite  but  very  little  at  first,  large  numbers  dying, 
however,  soon  after  the  attack,  while  others  die  about  six  weeks 
after  the  disappearance  of  the  buffalo-gnats,  perishing  usually 
from  large  ulcerated  sores  which  cause  blood  poisoning. 

Comparing  the  smaller  turkey-gnats  with  the  southern  buffalo- 
gnat,  pecuarum,  he  says  that  they  are  not  so  bloodthirsty,  nor  do 
they  form  such  large  swarms.  “The  snorting,  biting,  switching 
of  tails,  and  the  general  restlessness  of  the  stock  in  the  fields  soon 
reveal  the  presence  of  their  foes.  The  gnats  will,  upon  arrival, 
rapidly  circle  around  the  animal,  select  a  point  of  attack,  fasten 
themselves  upon  the  chosen  spot,  and  immediately  commence  to 
bite.  The  genital  and  anal  regions,  the  ears  and  portions  of  body 
between  the  forelegs — in  short,  those  parts  where  the  skin  is  most 
easily  punctured — are  selected  by  these  insects.  The  attack  is  so 
rapid,  that  in  course  of  one  minute  the  body  of  the  tormentor  is 
seen  to  expand  with'  blood,  which  shows  plainly  through  the  epider¬ 
mis  of  the  abdomen.  The  bitten  part  of  the  animal  shows  a  nipple¬ 
like  projection,  and  if  the  insect  is  removed  by  force  a  drop  of 
blood  as  large  as  a  good-sized  pin’s  head  will  ooze  out.  Other 
gnats  will  almost  at  once  pounce  upon  the  same  spot  and  continue 
the  biting.  All  those  veins  which  project  under  the  skin  of  the 
animal  are  also  favorable  points  of  attack,  and  their  course  is  made 
visible  by  the  hordes  of  gnats  fastened  upon  them. 

“The  great  danger  of  an  attack  by  these  insects  lies  in  the  un¬ 
expectedness  of  their  appearance.  As  already  mentioned  there 
may  be  no  indication  of  their  presence  in  any  neighborhod  and  the 
roads  are  free  of  them.  But  with  the  change  of  the  prevailing 
wind  they  may  appear,  and  when  one  is  passing  certain  localities, 
such  as  low,  wet,  and  shady  ground,  or  dense  thickets  of  under¬ 
brush,  they  will  start  forth  like  a  cloud,  and  cover  the  animals  at 
once.  Open  fields  may  be  entirely  free  from  gnats,  but  if  animals 


*Insect  Life,  Vol.  I,  p.  14. 
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pass  certain  places  in  them,  out  dart  the  tormentors,  and  the  ani¬ 
mals  attacked  can  only  save  themselves  by  running  to  high  places' 
exposed  to  the  full  rays  of  the  sun.  The  gnats,  following  the  ani¬ 
mals  for  some  distance,  leave  as  suddenly  as  they  appeared,  and 
hide  themselves  again  in  the  thickets.  In  the  cities  they  appear 
suddenly  with  certain  winds,  chiefly  with  those  blowing  from  the 
south,  southeast,  and  west,  and  usually  disappear  again  with  winds 
blowing  from  the  opposite  direction."* 


* 


Fig.  9.  The  Buffalo-gnat,  Simulium  fecuarum, 
adult  fly.  X  10.  (From  H.  Garman.) 


S.  pecuanim  Riley  (Figs.  9  and  10). — This  species,  commonly 
called  the  buffalo-gnat,  is  a  companion  to  meridioiiale — reported, 
however,  to  breed  mainly  in  the  large  rivers,  while  meridioiiale 
is  commonly  a  small-stream  species.  The  two  become  mingled  in 
swarms  when  abundant  and  have  similar  habits,  pecuanim  being 
the  larger  and  the  more  bloodthirsty  of  the  two.  It  is  credited 
to  this  state  by  Aldrich  in  his  “Catalogue  of  North  American 
Diptera,"  but  has  not  been  taken  by  us  in  Illinois,  our  collections 
of  Simulium  not  having  been  made,  in  fact,  in  those  parts  of  the 
state  where  it  is  most  likely  to  occur.  Its  general  range  is  similar 
to  that  of  the  turkey-gnat,  altho,  like  that  species,  it  is  essentially 


^Report  of  the  Entomologist,  U.  S.  Dept.  Agr.,  for  the  year  i3S6,  pp. 
496-497. 
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a  southern  form.  Its  known  area  of  distribution  extends  from 
Alaska,  Hudson  Bay,  and  New  Hampshire,  to  Mississippi  and 
Louisiana,  and  from  Massachusetts  and  Connecticut  to  Kansas 
and  Missouri.  It  is  a  single-brooded  species  so  far  as  known. 


Fig.  10  The  Buffalo-gnat,  Simulium  pecnarum ,  larva,  lateral 
view.  X  10.  (From  H  Garman  ) 


S.  pictipes  Hagen  (Figs,  xi,  12). — Pictipes  is  represented  in 
our  collection  only  by  a  single  specimen  of  the  adult  fly  obtained 
by  Dr.  Nason  at  Algonquin,  Ill.  Outside  this  state  it  occurs  from 
New  York  to  Idaho,  Kentucky,  Texas,  and  California.  In  New 
York  it  is  locally  very  abundant  in  swift  and  rocky  streams;  and 


Fig.  11.  Simulium  pictipes ,  front  of  head 
of  female.  X  35.  (Not  reliable  as  to  struc¬ 
ture  of  palpi.) 


it  has  been  studied  with  unusual  care  at  Cornell  University.  There 
are  several  generations — probably  three — in  a  single  season,  the 
egg  stage  lasting  eight  days,  the  larval  stage,  three  weeks,  and 
the  pupal  stage,  four.  These  are  given  as  the  periods  for  warm 
summer  weather.  They  are  doubtless  longer  when  the  water  is 


Fig.  12.  Simulium  pictipes ,  larva.  X  10.  (From  H.  Garman.) 
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cooler.  As  it  is  not  known  to  bite  it  has  little  interest  for  our 
present  purpose. 

S.  venustoides  Hart,  n.  sp.  (Figs.  13-15). — A  second  new  spe¬ 
cies,  allied  to  S.  venustum,  is  in  the  Nason  collection  from  Algon¬ 
quin,  Ill.  It  is  represented  by  specimens  taken  May  4  and  7,  July 
8,  September  7,  and  October  17,  20,  and  24,  from  plants  along 
a  creek,  in  pastures  and  gardens,  and  on  vacant  lots.  This  is 
clearly  a  several-brooded  species,  breeding  in  small  streams. 

The  following  description  of  S.  venustoides  is  by  Mr.  C.  A. 
Hart. 

Male. — Body  black.  Eyes  contiguous,  the  lower  parts  sharply 
differentiated  as  usual,  its  facets  only  about  half  the  diameter  of 
those  of  the  upper  parts.  Antennae  black,  with  rather  closely-set 
minute  white  pile;  face  gray  pollinose,  with  sparse  whitish  hairs; 
palpi  black,  with  sparse  whitish  hairs. 


Fig.  13.  Fig  14.  Fig.  15. 

Figs.  13-15.  Simtilium  veiiustoides'.  Fig.  13,  front  of  head  (x  35);  Fig.  14,  head  and  thorax  of 
male  (x  22);  Fig.  15,  right  hind  leg  of  male  (x  23). 


Thorax  with  sparse  whitish  vestiture ;  mesonotum  velvety 
black,  a  pair  of  parallel  white  pollinose  stripes  anteriorly  (Fig. 
14),  separated  by  about  one  third  the  width  of  the  mesonotum, 
their  anterior  ends  curving  down  on  the  sides  near  the  anterior 
margin ;  space  between  the  stripes  and  along  their  outer  side  some¬ 
times  brownish  gray  pollinose ;  a  broad  white  pollinose  lateral  and 
posterior  border,  with  silvery  reflections,  often  connected  ante¬ 
riorly  with  the  lateral  extensions  of  the  dorsal  stripes;  posterior 
border  widened  forwards  into  a  broad  median  lobe,  vaguely 
emarginate.  Scutellum  black,  sides  white  pollinose,  with  a  few 
long  white  hairs ;  metanotum  white  pollinose. 
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Abdomen  black,  sparsely  set  with  rather  long  white  hairs, 
leaf  like  expansions  of  first  segment  and  the  venter  posteriorly 
silvery  white  pollinose.  Pleura,  pectus,  and  legs  bluish  gray  pol- 
linose,  with  very  sparse  whitish  hairs.  Coxae,  trochanters,  and 
femora  black;  anterior  knees  pale  yellow,  the  basal  two-thirds  of 
the  extensor  surface  of  the  anterior  tibiae  pale  yellow  and  whitish 
pollinose;  anterior  tarsi  black;  basal  two-fifths  of  middfe  tibiae, 
basal  third  of  middle  metatarsi,  basal  half  of  hind  femora,  basal 
two  thirds  of  hind  metatarsus,  and  basal  half  of  the  second  tarsal 
joint  pale  yellowish,  whitish  pollinose.  Hind  metatarsus  straight, 
parallel-sided,  about  six  times  as  long  as  broad,  and  one  half  wider 
than  Second  segment,  which  is  hardly  wider  than  the  third.  Tar¬ 
sal  claws  trifid. 

Halteres  light  yellow;  costa,  subcosta,  and  radius  pale  yellow, 
with  minute  black  spines  numerous  on  costa,  and  sparse  on  radius. 

Length,  2 — 3  mm.;  wing,  2  1/3 — 3  mm. 

Female. — Body  black.  Antennae  black  or  dark  brownish,  cov¬ 
ered  with  very  short  whitish  pile ;  the  first  two  segments  paler,  the 
first  with  gray  pollinose  reflection.  Head  gray  pollinose,  the  face 
whiter  than  the  front;  face  about  as  broad  as  long,  with  rounded 
sides  and  sparse  yellowish  white  hairs ;  front  scarcely  hairy,  about 
as  wide  above  as  the  face,  and  as  wide  as  long,  tapering  evenly 
to  about  two-thirds  this  width  below ;  eye  sinus  about  two-thirds 
as  deep  as  the  narrowest  part  of  the  front.  Palpi  black,  with 
sparse  short  pale  yellow  hairs;  second  joint  much  thicker  than 


third. 


Thorax  bluish  gray  pollinose,  with  sparse  p^je  yellowish  vesti- 


ture;  as  seen  from  in  front  the  mesonotuni  is  pollinose  with  a 
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Length  of  dried  specimens,  2  1/2 — 3  mm.;  wing,  3  1/2 — 4 
mm. 

Paratype  a  male,  cotypes  3  males  and  8  females,  all  taken  at  Al¬ 
gonquin,  Ill.,  by  Dr.  Wm.  A.  Nason. 

This  species  belongs  to  the  venustum  group.  The  males  are 
easily  recognized  by  the  parallel  pollinose  stripes,  whiter  and  less 
metallic  than  those  of  venustum ,  and  not  oblique  as  in  that  species 
(Figs.  14  and  18),  and  by  the  extent  of  silvery  pollinosity  on  the 
middle  and  hind  tibiae,  not  merely  a  basal  ring  as  in  venustum . 
The  females  differ  from  those  of  venustum  especially  in  the  form 
of  the  face  (Fig.  13)  and  in  the  mesonotal  pollinosity  with  deep 
humeral  notches. 

S.  venustum  Say  (Figs.  16-22). — This  species  and  S.  vittatum 
are  together  called  “the  black-fly"  in  northern  latitudes,  where  they 
are  the  northern  representatives  of  meridionale  and  pecuarum  in 
the  South.  Venustum  is  the  species  found  so  disturbing  by  Agassiz 
in  1850,  as  described  in  his  “Lake  Superior."  “Flies  exceedingly 
troublesome,'’  says  the  narrator,  under  date  of  August  12,  “rising 
in  swarms  from  the  blueberry  bushes  when  we  touched  them. 

*  *  Having  for  the  first  time  open  ground  enough  to  observe 

their  manceuverings,  we  tried  to  outrun  them,  and  easily  left  them 
behind,  but  in  a  short  time  the  swarm,  like  a  pack  of  wolves,  and 
guided  to  all  appearance  in  like  manner  by  scent,  came  ranging 
up  in  a  body  and  fell  on  afresh."*  That  conditions  in  that  region 
are  still  the  same  is  shown  by  an  article  in  the  12th  Report  of 
the  Michigan  Academy  of  Science  ( 1910)!,  which  says  that  mem¬ 
bers  of  the  engineering  staff  of  the  University  of  Michigan  were 

—  r -  - -  on  Douglas  Lake,  in  Cheboygan  county, 

1909;  and  that  the  opening  of  the  en- 
1  station  were  postponed  for  a  week 
ft  of  these  pests.  The  species  here 

.  well  worked  out  in  New 
ti^de  at  Mum  ford  on  speci- 
mes,  she  says,  made  their 
™he  first  of  April, 
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Figs.  16-20.  The  Black-fly,  Sitnulium  vejucstum:  Fig.  16,  female,  front  of  head  (x  35. 
Drawn  from  dried  specimens;  structure  of  palpi  not  to  be  depended  on);  Fig.  17,  right  hind 
leg  of  male  (x  23);  Fig.  18,  thorax  and  head  of  male  (x  22);  Fig.  19,  larva,  lateral  view — from 
H.  Garman;  Fig.  20,  larva,  dorsal  view. 
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current  of  the  stream.  *  *  *  *  When  frightened  they 

drop  into  the  water,  suspended  to  the  substance  to  which  they  had 
been  attached  by  means  of  a  fine  delicate  thread,  in  a  similar  man¬ 
ner  to  many  land  larvae.  They  can  ascend  this  thread,  but  it  is 
very  easily  broken  by  the  action  of  the  water.  *  *  *  * 


Fig.  21.  The  Black-fly,  Simulium  venustum ,  pupa  and  cocoon,  lateral  and  dorsal  aspects 
A,  adult  emerging.  (From  H.  Garman.) 

The  pupae,  as  well  as  larvae,  perish  in  water  of  a  temperature 
warmer  than  that  of  the  stream.  *  *  *  *  I  was  en¬ 

abled  to  obtain  the  perfect  insect  by  keeping  pupae  in  a  covered 
box  in  the  current  of  the  stream.  A  day  or  two  previous  to  emerg¬ 
ing  from  the  water,  the  pupa  loosens  itself  from  the  case  or 

“pouch”  by  a  gentle  wriggling  motion  from  side  to  side.  When 

it  becomes  free  it  rises  to  the  surface  of  the  water,  and  the  fly 

gradually  draws  itself  out  of  a  slit  the  entire  length  of  the  pupa. 

The  legs  are  the  last  to  appear.  The  fly  rests  on  the  surface  of 
the  water  until  its  wings  expand  and  dry.  This  process  usually 
takes  a  minute  of  time — sometimes  more  or  less.  Thev  leave  the 

j 

water  just  before  sunset,  and  will  then  be  found  flying  among 
low  herbage  near  the  bank  of  the  stream.  *  *  *  There 

have  been  a  succession  of  broods  this  summer.  During  the  wann 
season,  a  period  of  two  months  elapses  between  the  egg  and  per¬ 
fect  forms.  They  were  a  week  or  ten  days  as  eggs,  four  weeks 

as  larvae,  and  about  three  weeks  as  pupae.  *  *  *  At  the 

present  time  (Oct.  18th)  there  are  large  quantities  of  minute 

larvae  on  the  leaves  of  the  water-cress.” 


Fig.  22.  The  Bluck-fly.  Simulium  venustum,  pupa,  three-quarters’  view 
X  15. 
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In  northern  Minnesota,  according  to  Lugger,  the  earliest  gen¬ 
eration  is  on  the  wing  from  May  15  to  June  1,  and  a  second  in 
June  and  July;  and  Sanderson  says  that  in  New  Hampshire  the 
flies  are  most  numerous  during  early  summer  and  again  late  in 
the  same  season. 

The  general  distribution  is  similar  to  that  of  meridionale  and 
peciiarum,  the  outlying  boundaries  of  its  area  traversing  New 
Hampshire,  Canada,  Minnesota,  Wyoming,  Idaho,  and  British 
Columbia  on  the  north,  and  Texas,  Louisiana,  Mississippi,  and 
Florida  on  the  south. 

In  this  state  we  have  taken  it  from  a  small  swift  stream  near 
Fountain  Bluff  in  southern  Illinois,  from  Algonquin  in  the  north¬ 
ern  part  of  the  state,  from  the  Salt  Fork  in  Champaign  county, 
from  Spoon  River  in  Fulton  county,  and  from  White  Oak  Run 
near  Havana.  The  latter,  a  clear,  rapid  tributary  of  Matanzas 
Lake,  contained  larvae  and  pupae  in  abundance  from  May  to  Octo¬ 
ber.  Adults  were  collected  by  Dr.  Nason  at  Algonquin  on  twenty- 
two  dates  including  every  month  from  April  to  October,  from 
trees  and  other  vegetation  along  a  creek,  from  pastures,  vacant 
lots,  and  gardens,  and  from  the  windows  of  his  house.  Garman 
found  the  winged  fly  emerging  from  the  pupa  in  Kentucky  in 
August  or  September.  This  is  clearly  one  of  the  several-brooded 
species,  and  probably  matures  three  generations  in  Illinois. 

S.  vittatum  Zetterstedt  (Figs.  23-25). — Commonly  associated 
in  the  north  with  the  preceding,  this  species  shares  with  that  the 
general  name  of  “the  black-fly.”  It  is  our  most  abundant  creek 
species  in  central  Illinois,  and  the  one  most  likely,  in  my  judg¬ 
ment,  to  be  connected  with  pellagra  in  this  part  of  the  country. 
It  is  a  several-brooded  species,  adults  having  been  obtained  by 
us  April  9  and  July  20,  and  larvae  and  pupae  on  sixteen  different 
dates  from  April  4  to  September  2,  and  larvae  also  on  March  12. 
In  Kansas  adults  were  used  by  Prof.  Hunter  in  an  inoculation 
experiment  with  guinea-pigs  and  monkeys,  from  the  21st  of  August 
to  the  4th  of  November. 

If  is  generally  distributed  wherever  streams  of  the  right  char¬ 
acter  are  to  be  found,  the  ordinary  gravelly  creek  seeming  to  be 
its  favorite  breeding  place.  It  was  not  obtained  by  Dr.  Nason 
in  his  numerous  collections,  running  thru  several  years,  at  Algon¬ 
quin,  in  McHenry  county,  but  has  been  found  by  us  in  Cook  and 
Carroll  counties  in  extreme  northern  Illinois,  and  also  in  tribu¬ 
taries  of  the  Saline  River  in  Saline  county,  in  the  extreme  south¬ 
ern  part  of  the  state.  In  central  Illinois  we  have  it  from  small 
streams  near  Bartonville  and  Farm  Creek  near  Peoria,  from 
Spoon  River  in  Fulton  county,  from  Quiver  Creek  and  White  Oak 
Run,  in  Mason  county,  from  the  Illinois  River  at  Havana  (  shore 
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of  Cook’s  Island),  from  the  Fox  River  at  Ottawa,  from  various 
streams  in  Champaign  and  Vermilion  counties,  and  from  creeks 
along  the  lower  Illinois  in  Greene  county.  At  Muncie,  in  Ver¬ 
milion  county,  where  larvae  alone  were  common  April  20,  nearly 
all  had  pupated  by  May  3. 


Fig.  23.  Fig.  24. 


Fig.  25 

Figs.  23-25.  Simulium  vittatum’.  Fig.  23,  front  of  head  of  female  (x  35).  Not  re¬ 
liable  as  to  structure  of  palpi);  Fig.  24,  thorax  and  head  of  female  (X  22);  Fig. 
25,  larva,  dorsal  view  (x  10). 


Its  recorded  general  distribution  ranges  from  Greenland,  New 
York,  Minnesota,  and  South  Dakota,  to  Nebraska,  Kansas,  and 
California.  It  has  not  been  taken,  as  will  be  noticed,  from  the 
South.  It  is  said  by  Washburn,  in  Minnesota,  to  pay  especial  at¬ 
tention  to  mankind,  vennstum,  commonly  associated  with  it,  be¬ 
ing  peculiarly  annoying  there  to  domestic  animals.  Hunter's  ex¬ 
periments  for  the  transfer  of  pellagra  from  human  beings  to 
monkeys  by  means  of  this  species  of  Simulium  are  reported  in  full 
in  the  Journal  of  the  American  Medical  Association  for  February 
24,  1912,  and  an  abstract  of  this  article  appears  in  the  Journal  of 
Economic  Entomology  for  the  same  month. 


Possible  Relations  to  Pellagra 

To  ascertain  definitely  whether  the  distribution  of  black-flies 
in  Illinois,  and  the  times  of  their  principal  appearance,  local  and 
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general,  have  any  relation  to  the  occurrence  and  frequency  of 
cases  of  pellagra,  would  require  a  very  much  broader  and  closer 
survey  of  the  state  with  this  point  especially  in  mind  than  it  has 
been  possible  for  me  to  make.  With  the  exception  of  a  part  of 
the  data  obtained  at  Havana  and  Peoria  in  1910,  those  here  re¬ 
ported  are  the  product  of  general  miscellaneous  collections  made 
during  many  years,  with  no  thought  of  any  pathological  applica¬ 
tion.  They  are  sufficient,  however,  to  show  the  common  occur¬ 
rence  of  black-flies  thruout  the  state.  Our  specimens  have  come 
from  sixteen  counties — five  in  northern  Illinois,  eight  in  central, 
and  three  in  southern,  as  follows :  northern  Illinois — McHenry, 
Carroll,  Cook,  La  Salle,  and  Mercer ;  central  Illinois — Peoria, 
Tazewell,  McLean,  Vermilion,  Champaign,  Mason,  Fulton,  and 
Greene;  and  southern  Illinois — Wabash,  Saline,  and  Jackson. 

The  places  and  situations  of  occurrence  are  such  as  to  war¬ 
rant  the  opinion  that  black-flies  might  be  found  in  larger  or  smaller 
number  in  every  county  of  the  state.  They  would  be  most  abun¬ 
dant,  of  course,  along  the  larger  rivers  (and  it  is  only  there  that 
they  become  noticeable  as  pests),  and  the  species  would  differ 
with  the  size  and  character  of  the  streams,  and  to  some  extent 
with  the  latitude. 

The  only  attempt  I  have  been  able  to  make  towards  a  com¬ 
parison  of  local  facts  concerning  Simulium  with  the  local  data  of 
pellagra,  is  based  on  observations  made  at  Bartonville,  near  Peo¬ 
ria,  in  the  latter  part  of  August,  1910.  The  location  there  of  the 
General  Hospital  for  the  Insane,  in  which  pellagra  is  almost  con¬ 
tinuously  present,  gave  us  reason  to  examine  the  surroundings  of 
this  institution  as  carefully  as  possible ;  and  visits  were  made  to 
this  place  by  Mr.  C.  A.  Hart  on  the  29th,  30th,  and  31st  of  Aug¬ 
ust.  In  a  small  stream  just  north  of  the  hospital  grounds  at 
Bartonville,  which  leaves  the  bluff  on  which  the  buildings  stand, 
passes  under  the  highway,  and  flows  eastward  thru  low  ground 
towards  the  river,  Simulium  larvae  were  obtained  just  below  the 
wagon  bridge,  on  the  leaves  of  trailing  branches  and  on  other 
objects  in  the  stream,  altho  none  could  be  found  in  this  stream 
above  the  highway.  The  point  at  which  the  black-flies  were 
breeding  was  about  a  third  of  a  mile  in  a  direct  line  from  the 
hospital  buildings.  No  pupae  were  seen  in  the  water,  and  no 
winged  flies  could  be  caught  by  diligent  sweeping  of  the  vegeta¬ 
tion  in  that  vicinity.  Two  small  streams  emerging  from  shady 
valleys  in  the  bluffs  to  the  south  of  the  hospital  grounds  were 
destitute  of  Simulium  larvae. 

In  Kickapoo  Creek,  between  Bartonville  and  Peoria,  a  very 
few  larvae  and  pupae  were  found,  and  a  considerable  number  were 
taken  in  favorable  places  all  along  Farm  Creek  near  the  East 
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Peoria  station  across  the  river  from  the  hospital.  These  were 
not  in  the  deeper  or  wider  parts  of  the  creek,  but  in  its  very  small¬ 
est  lateral  divisions  and  the  shallowest  margins  of  the  riffles.  All 
the  specimens  taken  at  this  time  in  these  streams  proved  to  be 
Siniulium  vittatum.  A  thoro  search  of  the  river  margin  at  Peoria, 
made  August  31,  was  without  result,  no  trace  of  Simulium  being 
found  in  the  main  stream.  Not  a  single  winged  black-fly  could  be 
found  here,  altho  the  presence  of  small  numbers  of  the  pup;e 
showed  that  a  very  few  might  be  abroad.  The  probability  of  any 
activity  of  black-flies  in  conveying  pellagra  at  this  place  and  time 
seems,  consequently,  very  small. 

I  have  next  to  scan  my  miscellaneous  data  with  reference  to 
the  possibility  of  distinguishing  successive  generations,  and  periods 
of  greatest  abundance,  of  the  insects  on  the  wing.  Throwing  all 
these  data  together  I  find  that  we  have  made  collections  of  adults 
upon  thirty-six  of  the  two  hundred  and  four  days  from  April  3  to 
October  24,  and  that  there  are  two  rather  conspicuous  blanks  in 
the  series,  one  extending  from  May  22  to  June  14,  22  days,  and 
the  other  from  July  21  to  August  11,  20  days.  Accepting  these 
as  indications  of  the  dividing  lines  between  successive  generations, 
we  may  conclude  provisionally  that  we  have  three  generations  in 
the  season,  the  first  covering  April  and  the  greater  part  of  May, 
the  second  the  latter  part  of  June  and  most  of  July,  and  the  third 
extending  from  the  middle  of  August  to  the  last  of  October.  These 
intervals  might  perhaps  be  filled  in,  at  least  in  part,  if  we  had 
larger  collections ;  but  they  correspond  fairly  well  to  such  definite 
facts  as  we  have  concerning  the  length  of  a  generation  period  in 
Sivialiuni.  Precise  work  on  this  subject  has  been  done  only  in 
New  York,  and  there  only  for  two  species,  pictipes  and  venustum, 
the  first  of  which  possibly  does  not  occur  in  Illinois.  For  both 
these  New  York  species  it  has  been  shown  that  in  the  warmer  part 
of  the  summer  the  development  of  a  generation  requires  about 
eight  weeks,  one  of  which  is  passed  in  the  egg,  four  in  the  larva, 
and  three  in  the  pupa  stage.  Making  reasonable  allowance  for  a 
prolongation  of  the  period  of  development  of  the  earliest  and  lat¬ 
est  generations  grown  in  the  cooler  weather  of  the  season,  we  may 
fairly  suppose  that  we  have  three  generations  of  six  of  our  Illinois 
species,  the  first  extending  thru  April  and  May,  the  second  com¬ 
ing  in  June  and  July,  and  the  third  in  August,  September,  and 
October.  Entomologists  will  readily  understand  that  with  any 
such  succession  of  generations  as  this  in  a  single  season,  the  periods 
of  the  later  ones  are  always  the  longer.  The  other  three  Illinois 
species  seem  to  give  us  but  one  generation  each,  which  we  know 
to  appear  in  April  and  May. 
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It  has  been  a  matter  of  special  interest  to  me  to  compare  this 
hypothetical  scheme  of  generations  with  pellagra  data  communi¬ 
cated  to  me  by  Dr.  H.  Douglas  Singer,  in  a  letter  written  Decem¬ 
ber  29,  1911.  The  statements  of  this'letter  are  illustrated  by  a 
curve  showing  the  number  of  fresh  cases  of  pellagra  occurring  at 
the  Bartonville  general  hospital  for  each  month  from  July,  1909, 
to  September,  1911.  There  are  five  high  points  in  this  curve  for 
these  twenty-six  months — one  at  the  beginning  of  the  record, 
which,  starting  with  21  cases  for  July,  1909,  rises  to  71  for  Au¬ 
gust,  and  then  drops  rapidly  away  to  3  in  December.  This  is  much 
the  highest  wave  of  the  curve.  The  next  wave  of  increase  begins 
with  a  single  case  in  April,  1910,  rises  to  16  cases  in  May  and  to 
34  in  June,  and  drops  to  4  in  July.  We  have  next  a  lower  wave 
of  16  cases  in  August,  1910,  15  in  September,  and  1  in  October. 
Two  cases  in  the  following  March  (1911)  become  4  in  April  and 
6  in  May,  fall  to  1  in  June,  rise  again  to  3  in  July  and  7  in 
August,  and  fall  to  none  in  September. 

On  the  supposition  of  a  connection  between  black- fly  outbreaks 
and  pellagra  waves,  we  should  naturally  expect  the  former  to  pre¬ 
cede  the  latter  somewhat — just  how  far,  of  course,  no  one  can  tell, 
since  that  would  involve  a  knowledge  of  the  incubation  period  of 
the  disease.  A  comparison  of  my  hypothetical  periods  of  our 
black-fly  generations  with  these  waves  of  frequency  of  new  cases 
of  pellagra,  gives  an  indication  of  a  correspondence  between  the 
two  series  for  the  first  two  generations  of  the  year,  but  negatives 
the  idea  of  any  stimulating  influence  of  the  implied  third  genera¬ 
tion.  Thus,  omitting  the  1909  record  as  begun  too  late  to  serve 
our  purpose,  the  March  and  April  generation  of  .black-flies  for 
1910  connects  with  an  April  and  May  increase  of  pellagra;  the 
supposed  June  and  July  generation  of  that  year,  with  high  num¬ 
bers  of  new  cases  for  August  and  September ;  the  March  and 
April  generation  of  1911  connects  with  an  April  and  May  increase 
of  pellagra  for  that  year;  and  the  June  and  July  generation  with 
a  July  and  August  increase.  The  August  to  October  generation,  on 
the  other  hand,  is  followed  by  a  decline  in  the  number  of  new  cases 
in  both  1909  and  1910,  the  record  for  1911  breaking  off  within 
this  period. 

These  interpretations,  it  is  true,  are  decidedly  hypothetical,  but 
they  may  be  taken  as  at  least  suggestive  of  a  causal  relationship, 
and  as  indicative  of  a  method  of  analysis  which,  used  in  proper 
cases,  may  give  definite  results.  We  need  to  know  accurately  the 
life  histories  of  the  various  species  of  Simulium  for  the  entire 
year  in  some  locality  where  pellagra  is  more  or  less  prevalent,  and 
to  know  also  the  exact  facts  as  to  the  local  abundance  of  the  winged 
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flies  during  the  successive  generation  periods.  If  there  are  recog¬ 
nizable  and  considerable  variations  in  abundance,  or  definite  breaks 
in  the  insect  series,  correlated  in  a  uniform  way  with  waves  of 
pellagra  increase  presently*  following;  and  if  exceptions  to  this  cor¬ 
relation  are  to  be  clearly  explained  by  exceptional  circumstances, 
we  shall  have  strong  reason  to  believe  that  one  or  more  of  the 
species  of  Simulinm  then  and  there  present  are  causally  related  to 
the  conveyance  of  pellagra  from  one  person  to  another.  Other  and 
more  direct  lines  of  operation  on  this  problem  belong  to  the  pathol¬ 
ogist  rather  than  to  the  entomologist. 
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INSECTS  INJURIOUS  TO  STORED  GRAINS  AND 
THEIR  GROUND  PRODUCTS 

By  A.  A.  GIRAUI/T,  assistant  to  state  entomologist 


It  is  well  known  that  many  kinds  of  insects  live  in  wheat  and 
other  grains  and  in  meal  and  flour,  either  accompanying  the  grain 
to  the  granary  from  the  field,  or  going  to  it  after  it  is  stored. 
Many,  indeed,  go  with  it  from  the  producer  to  the  customer — 
thru  cribs,  elevators,  mills,  and  warehouses,  to  the  retail  store,  and 
thence  to  our  homes.  Insects  of  these  habits  are  particularly  hardy, 
and  many  are  so  far  omnivorous  that  they  may  live  and  multiply  on 
food  which  seems  to  us  to  contain  no  nourishment.  All  are  either 
beetles  or  their  larvae,  or  the  larvae  of  moths.  The  latter  are  of 
fewer  kinds  but  of  greater  capacity  for  mischief  than  the  former. 
At  any  particular  time  and  place,  half  a  dozen  to  a  dozen  of  these 
insects  may  be  present,  working  in  various  ways,  some  of  them, 
indeed,  not  directly  injurious  but  feeding  on  chaff  or  other  granary 
debris,  and  obnoxious  merely  by  their  presence.  Of  the  others, 
one  or  more  may  be  injuring  individual  kernels  of  grain  in  a  way 
to  make  them  unfit  for  food  and  to  prevent  their  growing  if  sown; 
or  one  may  be  webbing  together  flour  and  meal  in  mills,  making 
them  useless  for  food,  and  also  clogging  some  parts  of  the  machinery 
by  webbing  together  masses  of  flour.  Further  harm  may  be  done 
by  causing  fermentation  in  the  stored  grain.  The  percentage  of 
actual  injury  may  not  be  large  for  the  whole  mass  infested,  but 
the  mere  presence  of  considerable  numbers  of  these  insects  reduces 
the  value  of  the  grain  or  flour,  and  may  interfere  seriously  with 
its  sale. 

Over  fifty  species  live  habitually  or  occasionally  in  stored  cereals 
and  cereal  products  in  the  United  States,  but  only  about  ten  of 
these  are  of  the  first  importance.  Seventeen  are  habitual  grain 
eaters,  but  the  food  of  the  others  is  comparatively  miscellaneous, 
including  granary  rubbish,  decomposing  substances,  cloth  materials, 
and  dried  animal  matter.  Those  which  are  regarded  as  of  prime 
importance  are  the  Angoumois  grain  moth,  the  Mediterranean  flour- 
moth,  the  Indian  meal  moth,  the  meal  snout-moth,  the  confused 
flour-beetle,  the  granary  weevil,  the  rice-weevil,  the  saw-toothed 

56 


grain-weevil,  and  the  yellow  meal-worm.  Of  the  eight  remaining 
habitual  grain  eaters,  about  two  thirds  are  closely  related  to  one 
or  more  of  the  preceding,  but  specifically  distinct  and  less  numerous. 


Fig.  i.  Ear  of  corn  injured  by  Angoumois  Grain  Moth,  Sitotroga 

cerealella. 

Among  the  forty  species  which  are  classed  as  miscellaneous  in  their 
food  habits,  some,  such  as  the  carpet-beetles,  are  usually  house¬ 
hold  insects,  and  others  infest  museums,  while  a  large  number 
simply  enter  the  granary,  not  merely  because  it  contains  grain,  but 
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tor  shelter  and  for  other  food,  including  such  substances  as  the 
dirt  in  the  cracks  of  the  floors,  bits  of  broken  grain,  dead  insects, 
insect  castings,  molds,  cobwebs,  and  cloth ;  or  they  may  feed  occa¬ 
sionally  on  grain  alone.  Many  of  these  insects  are  introduced 
species,  of  cosmopolitan  range,  and  are  scattered  abroad  in  ship¬ 
ments  of  stored  grain  and  other  products. 


GRANARY  MOTHS 

The  Angoumois  Grain  Moth 
( Sitotroga  cevealella  01.) 

A  characteristic  example  of  the  work  of  this  insect  is  an  ear  of 
corn  peppered  with  small  round  holes,  often  two  or  three  to  a  single 
kernel  (Fig.  i).  These  are  produced  by  a  caterpillar  which  has 
eaten  out  the  embryo  and  the  other  soft  parts  of  the  seed  and  has 
then  cut  through  the  top  of  the  grain  a  small  round  hole  which  it 
has  covered  with  a  web.  In  the  cavity  within  the  kernel  it  changes 
to  the  moth,  and  then,  breaking  thru  the  delicate  silk  cover  closing 
its  burrow,  it  makes  its  way  to  freedom  and  takes  flight. 


Fig.  2.  Angoumois  Grain  INJotli.  Sitotroga  ccrcalclla:  a.  imago  (XaG  G  pupa 
(X  13)  ;  c,  grain  of  corn  with  a  portion  of  surface  removed  to 

show  injury  (X3^), 
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DESCRIPTION 

This  insect  belongs  to  the  Lepidoptera,  or  family  of  moths,  the 
young  of  which  are  called  caterpillars.  This  species  is  commonly 
known  to  grain  men  as  the  fly-weevil — a  very  inappropriate  name 
because  it  is  not  in  any  sense  a  fly. 

The  eggs  laid  by  the  female  on  the  kernel  are  at  first  milky 
white,  but  soon  turn  to  a  pale  reddish.  They  are  elongate,  slightly 
bottle-shaped,  about  a  fortieth  of  an  inch  long,  with  a  roughened 
surface  which,  when  magnified,  is  seen  to  be  marked  with  minute 
rectangles  in  regular  rows,  giving  them  a  resemblance  to  ears  of 
corn. 

The  recently  hatched  caterpillar  eats  its  way  into  the  lower  end 
of  the  grain,  making  a  barely  visible  round  hole,  which  is  the  less 
noticeable  because  it  is  covered  over  with  silk.  The  caterpillar 
begins  to  feed  at  once  on  the  starchy  material  surrounding  the 
embryo,  and  destroys  the  latter  by  the  time  it  has  itself  become 
full-grown.  (Fig.  2,  c.)  It  is  then  about  a  fifth  of  an  inch  long, 
whitish,  with  a  brownish  head.  A  more  complete  description  fol¬ 
lows. 

When  first  hatched  the  larva  is  no  thicker  than  a  hair,  but  when 
full-grown  it  is  rather  robust  and  gradually  tapers  backwards  from 
the  second  segment.  The  head  is  brown,  its  lateral  margins  and 
the  ocellar  region  are  light,  and  the  anterior  margin  is  a  little 
darker.  The  mandibles  are  strong,  brown,  bisetose,  quadridentate, 
the  lower  tooth  the  larger  and  the  size  of  the  others  gradually 
diminishing  upward.  The  other  mouth-parts  and  the  antennae  are 
brown,  the  latter  short,  three-jointed,  and  ending  in  a  bristle.  The 
six  ocelli  are  white,  and  arranged  in  the  form  of  an  elongate  letter 
C,  with  the  inclosed  space  varying  from  very  dark  brown  to  nearly 
black.  On  the  head,  body,  and  legs  are  sparsely-placed  white, 
setaceous  hairs,  those  on  the  head,  the  first  and  last  segments,  and 
the  legs,  rather  long.  On  segments  two  to  twelve  inclusive  these 
hairs  are  less  prominent,  and  are  arranged  in  two  transverse  rows, 
those  of  the  anterior  row  much  the  shorter.  „  On  the  first  and 
thirteenth  segments  the  hairs  of  the  two  rows  are  of  equal  length. 
The  body  is  white,  smooth,  and  densely  covered  with  minute,  erect 
spinules.  In  some  examples  traces  of  brown  patches  appear  on  the 
back  of  the  first  segment.  The  spiracles,  dorsal  hooks,  and  minute 
terminal  hooks  on  the  prolegs  are  brown.  The  legs  are  large  at 
the  base,  but  taper  rapidly,  each  ending  in  a  small  hook.  The  ten 
prolegs  are  small  and  wartlike,  and  each  end  in  two  or  three  minute, 
robust  hooks. 

The  pupa  (Fig.  2,  b)  is  about  a  fifth  of  an  inch  long,  brown¬ 
ish,  pointed  ovate,  with  the  adult  appendages  outlined  thru  the 
crust  along  its  under  surface.  The  wing-pads  nearly  reach  the 
tip  of  the  abdomen.  The  head  end  is  obtuse ;  the  posterior  end 
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more  acute,  and  surrounded  by  a  ring  of  sparse  sette.  The  head, 
thorax,  and  wing-pads  are  dark,  the  abdomen  lighter  brown.  Eyes 
in  mature  pupae  black,  and  distinctly  visible.  On  the  abdomen  are 
several  rows  of  setae,  as  follows:  a  double  row  on  the  side,  above 
the  spiracles,  placed  in  pairs;  a  single  row  just  below  the  spiracles 
and  close  to  them;  another  double  row  on  each  side  of  the  middle 
line  of  the  body,  tbe  outer  bair  of  each  pair  being  on  the  posterior 
part,  and  the  inner  one  on  the  anterior  part  of  the  segment.  There 
are  two  long,  slender,  conspicuous  bristles  on  the  segment  im¬ 
mediately  behind  the  head. 

Tbe  adult  (Fig.  2,  a),  familiar  to  most  elevator  men,  is  a 
delicately  built,  small  moth,  with  a  quick  wavering  flight,  which 
may  be  seen  in  infested  rooms  resting  on  bags  of  grain,  walls, 
windows,  or  the  like.  It  is  about  three  eighths  of  an  inch  long,  and 
grayish  clay-yellow  when  at  rest,  but  with  hind  wings  dark  grayish 
or  neutral  gray,  and  bordered  with  close,  exceedingly  delicate, 
silvery  fringes.  Each  fore  wing  bears  a  black  dot  between  its  base 
and  its  middle. 

LIFE  HISTORY 

When  bred  indoors  the  generations  of  this  insect  become  con¬ 
tused,  all  stages  being  represented  at  once ;  but  in  tbe  field  there 
are  two  generations,  which  become  adult  in  May  or  June  and  in 
August  respectively.  Where  ear  corn  is  infested  in  the  crib  the  eggs 
are  placed  in  the  groove  of  the  kernel  on  the  ear,  usually  beneath 
the  membrane  which  ensheathes  the  tip  of  each  kernel.  Wheat 
may  become  infested  by  the  second  brood  of  motbs  either  thru  eggs 
laid  in  the  field  on  the  grain  in  the  head  or  else  after  storage  in  the 
granary,  and  a  generation  may  develop  from  these  eggs  within 
five  or  six  weeks.  If  an  infestation  begins  in  the  field  and  the 
infested  grain  is  carried  to  tbe  granary,  the  moths  come  to  maturity 
and  continue  to  breed  in  the  stored  grain  as  long  as  the  weather 
will  permit;  and  the  same  is  true,  of  course,  if  the  grain  is  first 
infested  after  it  has  been  stored.  If  tbe  temperature  of  the  store¬ 
house  is  kept  up  by  artificial  heat,  as  in  some  warehouses,  develop¬ 
ment  may  be  continued  thruout  the  winter ;  otherwise  the  female 
may  deposit  from  sixty  to  ninety  eggs,  which  hatch,  as  a  rule,  in 
from  four  to  ten  days,  according  to  temperature. 

DISTRIBUTION,  INJURIES,  AND  ENEMIES 

This  moth,  first  noticed  in  France,  is  widely  distributed  in  the 
United  States  and  Europe.  In  this  country  it  is  most  abundant  in 
the  southern  states  and  where  artificial  heat  promotes  its  multiplica¬ 
tion  in  the  northern  granary. 

Wheat  may  be  as  badly  infested  by  this  moth  as  corn,  the  heart 
of  each  grain  being  eaten  out.  Other  cereals  are  injured  less  com- 
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monly,  and  cow-peas  are  sometimes  infested  by  it.  While  the 
caterpillar  is  still  young,  infested  kernels  can  not  he  distinguished 
except,  perhaps,  by  their  light  weight.  Later,  however,  a  visible 
hole  is  made  in  the  grain  after  the  caterpillar  is  full-grown. 

The  larvae  of  this  species  are  infested  by  at  least  one  parasite, 
and  also  by  a  minute,  predaceous  mite  (Pcdiculoides  ventricosus 
Newp.).  This  latter  sometimes  breeds  in  infested  grain  to  an 
extent  to  become  enormously  abundant.  By  its  infinitesimal  bites 
it  irritates  the  human  skin,  causing  a  rashlike  and  sometimes  rather 
severe  eruption,  very  annoying  to  harvest  hands,  grain-house  em¬ 
ployees,  and  others  having  to  do  with  the  handling  of  grain. 

This  grain  moth  may  be  most  readily  destroyed  by  fumigation 
with  carbon  bisulfid  as  described  on  another  page. 

The  Mediterranean  Flour-moth 
(Ephestia  kuelmiclla  ZellJ 

When  wheat  flour  in  mills  is  webbed  together  in  more  or  less 
irregular,  matted  masses  (Fig.  3),  very  likely  to  cause  trouble  by 
clogging  the  mill  machinery,  the  presence  of  the  Mediterranean 
flour-moth  is'  to  be  inferred.  The  adult  of  this  insect  is  a  small 
moth  or  miller,  harmless  in  that  stage,  however,  and  injurious  only 
as  a  larva.  Its  caterpillars  make  tubes  of  silk  in  which  they  live, 
covering  them  with  flour  upon  which  they  feed.  When  full-grown 
they  discard  this  tube  and  wander  about  in  search  of  suitable  places 
in  which  to  pupate,  spinning  silk  as  they  crawl,  thus  webbing  the 
flour  together.  Preparatory  to  pupation  a  cocoon  is  also  spun  of 
silk  matted  with  flour,  which  adds  to  the  nuisance  created  by  their 
presence. 

DESCRIPTION 

The  egg  of  this  insect  is  a  little  more  than  a  sixtieth  of  an  inch 
in  length,  elongate-oval,  white  and  almost  smooth  when  freshly 
deposited,  but  later  becoming  roughened  and  darker. 

The  caterpillar  (Fig.  4,  a,  d,  e)  is  about  a  half  to  three  fifths 
of  an  inch  long,  when  full-grown,  and  varies  from  whitish  to  pink¬ 
ish  in  general  color.  The  surface  is  sprinkled  with  short  whitish 
hairs  rising  from  minute  but  prominent  tubercles. 

The  pupa  (Fig.  4,  b)  is  cylindrical,  tapering  posteriorly,  with 
a  cluster  of  small  hooklets  at  the  tip  of  the  abdomen.  It  is  reddish 
brown  above,  the  head  and  thorax  the  darkest,  and  much  lighter 
below,  approaching  a  yellowish  tint  on  the  wing-pads  and  abdomen. 
The  tip  of  the  last  segment  is  considerably  darker  than  the  rest 
of  the  body.  The  cocoon  (Fig.  5)  varies  in  length  from  two  fifths 
of  an  inch  to  half  an  inch,  and  is  about  a  fourth  of  an  inch  in 
width.  It  is  composed  of  delicate  silk,  often  intermingled  with 
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Fig.  3.  Mass  of  flour  held  together  by  larval  webbing  of 
Mediterranean  Flour-moth,  Ephestia  kuchniella. 


Fig.  4.  Mediterranean  Flour-moth,  Ephestia  kuchniella:  a,  larva; 
b,  pupa;  c,  adult;  d,  fore  part  of  larva;  e,  middle  seg¬ 
ments  of  larva ;  f,  adult  in  resting  position. 

Enlarged  as  indicated.  (U.  S.  Dept, 
of  Agriculture.) 
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particles  of  meal,  flour,  dirt,  or  other  material.  The  pupa  yields 
the  adult  iu  about  two  weeks. 


Fig.  5.  Mediterranean  Flour-motli,  Epliestia  kuehniella:  a,  cocoon 
from  attached  side,  showing  pupa  thru  thin  silk 
wall ;  b,  outer  side  of  same. 


The  adult  moth  (Fig.  4,  c,  f )  is* about  half  an  inch  in  length, 
and  about  seven  eighths  of  an  inch  from  tip  to  tip  across  the  ex¬ 
panded  wings.  The  front  wings  are  medium  gray,  sprinkled  with 
blackish  scales  and  specks,  and  with  a  V-  or  W-shaped  black  line 
crossing  about  a  third  of  the  distance  from  the  base.  The  hind 
wings  are  silvery  whitish,  with  a  darker  border.  Both  pairs  of 
wings  are  heavily  fringed. 

• 

LIFE  HISTORY,  HABITS,  AND  INJURIES 

This  insect  breeds  thruout  the  year  when  the  temperature  per¬ 
mits.  The  female  may  deposit  as  many  as  two  hundred  eggs, 
which  are  placed  singly  in  flour,  in  cracks  of  the  floor,  and  in  various 
places  about  the  machinery  of  the  mill.  These  eggs  hatch  in  a  little 
more  than  a  week,  on  an  average,  the  period  being  of  course  length¬ 
ened  if  the  weather  is  cool.  The  caterpillars  may  get  their  growth 
in  about  forty  days,  and  the  pupa  yields  the  adult  in  about  eleven 
days.  Approximately  eight  weeks  are  thus  necessary  to  the  devel¬ 
opment  of  a  generation,  with  a  variation  of  a  week  or  more  in 
one  direction  or  the  other  according  to  the  temperature.  The  adults 
live  a  little  over  a  week.  They  have  been  known  to  fly  at  least  six 
or  seven  rods  from  the  place  of  emergence.  They  are  active  at 
night,  but  are  not  attracted  to  lights. 

Altho  wheat  flour  is  most  commonly  infested,  the  larv?e  of 
this  moth  are  found  also  in  rice  flour,  buckwheat  flour,  crackers, 


cotton-seed,  corn-meal,  oatmeal,  rolled  wheat,  and  other  prepared 
cereals.  They  sometimes  live,  it  is  said,  in  the  nests  of  bumble¬ 
bees,  and  in  the  hives  of  the  honey-bee. 

The  Mediterranean  flour-moth  is  common  and  widely  distributed 
on  both  sides  of  the  world.  It  was  first  detected  in  Illinois  in  1894. 

The  economic  importance  of  this  insect  is  shown  by  a  state¬ 
ment  made  by  Dr.  F.  H.  Chittenden,  of  the  United  States  Depart¬ 
ment  of  Agriculture,  in  a  recent  circular  of  the  Bureau  of  En¬ 
tomology  on  this  pest  (No.  1 12,  issued  March  7,  1910),  in  which  he 
says  that  ‘this  flour  moth  is  attracting  more  attention  than  any 
insect  that  ever  infested  mills  or  other  buildings  where  cereals  are 
stored ;  indeed,  it  is  almost  the  sole  topic  of  complaint  of  millers 
at  the  present  writing,  correspondence  in  regard  to  weevils  and 
flour  beetles,  which  was  at  one  time  heavy,  having  fallen  off  very 
noticeably.  *  *  * 

“As  to  the  losses  caused  directly  and  indirectly  by  this  insect, 
it  has  been  difficult, ”  he  adds,  “to  obtain  estimates,  the  lowest 
being  between  $100  and  $200  to  a  mill  of  1,000  barrels  capacity. 
The  average  loss  due  to  closing  down  the  mill  and  cost  of  treat¬ 
ment  seems  to  be  not  far  from  $500  for  each  fumigation,  ‘to  say 
nothing  of  the  loss  to  business,'  according  to  one  Kansas  milling 
firm.  An  estimate  of  $1,000  for  two  fumigations  can  not  be  far 
from  right."  *  *  *  Thus*,  cleanliness  in  and  about  the  mill, 

and  care  in  examining  returned  bags  and  other  materials  entering 
it,  will  go  far  towards  preventing  or  diminishing  trouble  from  this 
moth. 

TREATMENT 

Where  a  mill  is  already  infested,  all  flour  or  other  mill  products 
containing  the  insect  should  be  promptly  burned,  and  all  spouts, 
elevator  legs,  other  parts  of  machinery  and  other  equipment,  as 
also  the  walls,  ceiling,  and  especially  the  corners  in  every  part  of 
the  building,  should  be  thoroly  cleaned.  Such  thoro  cleaning  must 
be  followed  by  fumigation  with  hydrocyanic  acid  gas,  or  by  the 
use  of  artificial  heat,  both  of  which  operations  are  described  farther 
on  in  this  paper  under  the  head  of  Measures  of  Prevention  and 
Remedy. 

The  Indian  Meal  Moth 
(Plodia  interpunctella  HubnJ 

With  habits  somewhat  like  those  of  the  Mediterranean  flour- 
moth,  but  occurring  usually  on  the  grain  itself  or  else  in  meal,  the 
caterpillar  of  this  insect  does  most  of  its  injury  by  spinning  silk 
over  whatever  food  it  chances  to  be  feeding  on.  It  may  construct 
a  silken  tube  to  live  in,  or  simply  spin  its  web  in  every  direction. 
Bags  of  grain  may  thus  become  completely  covered  with  closely 
matted  silk,  which  it  is  practically  impossible  to  remove,  so  that 


the  grain  must  be  rebagged  before  shipment.  The  caterpillar  also 
spins J a  cocoon  in  the  midst  of  its  food  materials. 


Fig.  6.  Indian  Meal  Moth,  Pludia  inter punctella :  a,  adult  moth ; 
b ,  dorsal  view  of  larva;  c,  side  view  of  larva;  d,  pupa, 
ventral  view.  Enlarged  as  indicated. 


The  egg  of  the  moth  is  whitish,  and  very  small.  The  cater¬ 
pillar  (Fig.  6,  b,  c)  is  dull  olive-greenish,  varying  to  pinkish  or 
whitish,  and  its  elliptical,  cylindrical  cocoon  is  olive-green  varying 
to  light  brown.  The  moths  (Fig.  6,  a)  are  active  creatures,  the 
outer  two  thirds  of  their  fore  wings  reddish  brown  and  the  center 
copper,  while  the  inner  or  basal  third  is  dirty  grayish.  They 
measure  about  five  eighths  of  an  inch  across  the  expanded  wings. 

The  generations  of  this  insect  are  irregular,  and  vary  in  number 
according  to  the  temperature.  The  female  may  lay  as  many  as 
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three  hundred  and  fifty  eggs,  either  one  by  one  or  in  clusters  of  a 
dozen  or  more.  These  eggs  may  hatch  in  four  days,  under  favor¬ 
able  temperature  conditions,  and  a  generation  may  mature  in  about 
five  weeks. 

The  food  of  this  species  is  not  limited  to  grain,  flour,  or  meal, 
but  includes  such  materials  as  preserved  and  dried  fruits,  peas, 
beans,  edible  nut-meats,  chocolate  beans,  spices,  sugars,  yeast  cakes, 
and  some  kinds  of  dried  roots  and  barks.  When  infesting  grains, 
this  caterpillar  eats  out  the  embryo,  leaving  the  rest  of  the  kernel. 
A  single  larva  will  destroy  a  dozen  or  more  grains,  according  to 
its  size,  and  when  thus  engaged  it  spins  its  silk  over  everything  in 
its  immediate  vicinity. 

The  species  is  found  everywhere  in  the  United  States-. 

Fumigation  with  carbon  bisulfid  or  with  hydrocyanic  acid  gas, 
or  the  use  of  artificial  heat,  are  the  standard  measures  for  the 
destruction  of  this  as  of  most  other  insect  pests  of  the  .  granary, 
and  the  mill. 

GRANARY  BEETLES  AND  WEEVILS 

The  hard-bodied  insects  known  as  beetles  and  weevils  differ 
from  granary  moths  in  having  biting  jaws  and  horny  wing-covers 
inclosing  the  membranous  lower  wings.  They  pass  thru  the  same 
stages  of  development  as  the  moths,  but  in  the  young,  active  stage, 
tho  similar  to  caterpillars,  they  may  be  commonly  distinguished 
by  the  absence  of  abdominal  legs.  In  the  third,  or  pupal,  stage, 
they  are  not  protected  by  a  cocoon,  and  are  usually  white,  with  the 
appendages  free.  Unlike  the  moths,  the  adult  beetles  and  their 
larvae  usually  occur  together,  feeding  on  the  same  substances. 

The  Confused  Flour-beetle 
(Tribolium  confusion  Duv.J 

Any  small,  shining,  reddish  brown  beetle,  about  an  eighth  of 
an  inch  long,  crawling  about  in  large  numbers  in  flour,  meal,  or 
prepared  cereals,  is  almost  certainly  this  insect.  It  is  a  flattened, 
oval  beetle  with  the  head  and  upper  parts  of  the  thorax  densely 
covered  with  minute  punctures,  and  with  the  wing-covers  ridged 
lengthwise  and  sparsely  punctured  between  the  ridges.  Its  very 
minute  eggs  are  white.  The  wormlike  larvae  are  cylindrical,  wiry, 
white  tinged  with  yellowish,  and  about  three  sixteenths  of  an  inch 
long.  The  pupa  is  white. 

Altho  this  insect  is  extremely  common,  living  on  almost  any 
kind  of  vegetable  debris,  its  life  history  is  imperfectly  known.  Its 
eggs  are  said  to  hatch  within  six  days  at  most  favorable  temper¬ 
atures,  and  the  larvae  to  reach  their  growth  in  twenty- four  days 


(The  text  of  this  intercalated  page  should  immediately  precede  the  heading. 
Granary  Beetles  and  Weevils,  on  page  66.) 


The  Meat  Snout-moth 
( Pyralis  farinalis  Linn.) 

Hidden  away  in  whatever  substance  is  infested  by  it,  the  cater¬ 
pillar  of  this  beautiful  moth  is  seldom  seen.  Its  habits  are  some¬ 
what  similar  to  those  of  the  Mediterranean  flour-moth  in  that  it 
lives  within  a  silken  tube,  but  it  is  more  indiscriminate  in  its  food. 
Thus  it  may  feed  upon  the  chaff  from  shelled  corn  in  preference  to 
the  corn  itself.  Its  silken  tube  is  finely  made,  and  completely  cov¬ 
ered  by  attached  particles  of  the  food. 

The  adult,  or  moth,  of  this  species  is  really  a  very  beautiful 
insect.  Its  wings  are  delicately  colored,  the  base  and  outer  por¬ 
tions  of  the  front  wings  are  brownish,  and  the  whole  of  the  middle 
portion  is  dusky  whitish.  Two  wavy  whitish  lines  cross  these 
wings  separating  the  light  middle  section  from  the  brownish  basal 
and  apical  parts.  The  hind  wings  are  dusky  whitish,  with  two 
wavy  whitish  lines  running  thru  them  and  with  a  few  brownish 
spots  of  varying  size  near  the  hind  margin.  The  eggs  are  laid  in 
masses  and  are  irregular  in  shape.  The  caterpillar  is  dirty  grayish 
in  appearance,  darker  at  both  ends,  the  head  brownish  red.  The 
pupa  is  brownish  red  and  is  enveloped  by  a  cocoon. 

The  life  history  of  this  insect  is  not  well  known,  but  there  are 
probably  at  least  four  or  five  generations  in  a  season.  Under  ordi¬ 
nary  conditions  a  generation  has  been  known  to  develop  in  eight 
weeks  in  spring,  and  a  shorter  period  may  be  expected  at  higher 
temperatures. 

Altho  a  general  feeder,  this  insect  seems  nevertheless  to  prefer 
waste  matter,  in  damp  places — accumulations  of  straw,  chaff,  meal, 
or  other  waste  products  from  the  granary  or  mill,  occurring  in 
corners,  outhouses,  and  the  like.  It  has  also  been  reported  to  feed 
on  hay,  straw,  corn,  clover,  seeds,  dried  plants,  the  grains  and  their 
products,  and  vegetable  garbage. 

Again,  thoro  cleanliness  in  regard  to  accumulations  of  rubbish 
in  corners  and  so  on,  is  prophylactic  against  this  insect,  and  usually 
all  that  is  required  when  the  premises  become  infested  is  cleaning 
up  and  burning  the  infested  material.  If  this  is  not  possible,  one 
should  fumigate  with  carbon  bisulf id,  or  use  artificial  heat. 
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and  the  pupa  in  six — making  a  period  of  about  five  weeks  for  fhe 
development  of  a  generation  from  the  egg.  Four  or  five  genera- 


Fig.  8.  Confused  Flour-beetle,  T rib o Ham  confusum :  a,  larva  (X  24)  ; 
b,  head  of  larva,  greatly  enlarged  (dorsal  view)  ;  c,  anal  end 
of  larva,  greatly  enlarged  (dorsal  view)  ;  d,  pupa 
( X  24)  ;  e,  lateral  appendage,  greatly  enlarged. 


tions  may  occur  in  a  year,  on  an  average,  the  number  being  de¬ 
pendent,  however,  upon  the  temperature,  since  development  con¬ 
tinues  as  long  as  this  is  favorable.  This  beetle  is  commonly  found 
in  oatmeal,  corn-meal,  prepared  wheat  and  flour,  seeming  to  have 
a  preference  for  these  breakfast  foods.  It  is  by  no  means  limited 
to  such  materials,  however,  but  has  been  reported  from  such  sub¬ 
stances  as  ginger,  peanuts,  beans,  peas,  orris  roots,  cayenne  pepper, 
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baking-powder,  and  snuff.  Corn  and  wheat  are  also  often  infested 
by  it,  beetles  and  larvae  feeding  upon  the  grains  together,  the 
former,  in  fact,  being  perhaps  more  destructive,  and  certainly  more 
active,  than  the  larvae. 

This  species  occurs  all  over  the  United  States,  and  is  cosmo¬ 
politan  in  its  range. 

Another  beetle,  called  the  rust-red  flour-beetle  ( Triboliiun  fer- 
rugineum  Fabr. ),  less  common  than’ the  preceding,  is  often  found 
with  it,  being  similar  to  it  both  in  habits  and  in  appearance.  It 
is  specifically  different  in  the  shape  of  the  head  and  the  terminal 
joints  of  the  antennae.  It  is  also  more  southern  in  its  distribution. 

These  insects  may  be  killed  in  the  grain  by  the  use  of  heat,  or 
by  fumigation  with  insecticide  vapors,  as  is  elsewhere  described ; 
and  all  valueless  infested  material  should  be  gathered  up  and 
burned. 

The  Saw-toothed  Grain-beetle 
(Silvanus  sarinamensis  Linn.J 

A  minute,  flattened,  chocolate-brown  beetle,  with  the  margins 
of  its  thorax  roughened  with  toothlike  projections,  if  found 
abundant  in  groceries  or  other  edible  substances,  may  be  assumed 
to  be  this  grain-beetle.  The  slender  adult  is  not  more  than  a  tenth 
of  an  inch  long.  The  thorax  is  marked  with  two  longitudinal 


Fig.  9-  Saw-toothed  Grain-beetle,  Silvanus  surinamensis:  a.  adult; 
b,  pupa,  under  side;  c,  larva.  Enlarged  as  indicated. 

(U.  S.  Dept,  of  Agriculture.) 

grooves,  one  on  each  side,  and  with  six  minute  teeth,  like  those 
of  a  saw,  on  each  lateral  edge.  The  head  and  thorax  are  densely 
covered  with  fine  punctures,  and  the  wing-covers  are  finely  punc¬ 
tured  and  lined.  The  larva  is  somewhat  flattened,  with  transverse, 
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rectangular,  yellowish  spots  above,  margined  with  the  white  of  the 
general  body-color.  On  the  thorax  and  anterior  abdominal  seg¬ 
ments,  a  white  line  divides  the  rectangles  into  squares.  The  pupa 
is  white,  and  is  occasionally  inclosed  within  a  delicate  cocoon  com¬ 
posed  largely  of  particles  of  the  food  substance.  From  five  to  seven 
generations  of  this  species  may  be  developed  within  a  single  year, 
the  number  depending,  as  usual,  upon  the  temperature  and  upon 
the  supply  of  food.  The  beetles  infest  almost  anything  of  a  veg¬ 
etable  nature  used  as  human  food,  including  preserved  fruits  and 
various  cereals,  bread,  nuts,  seeds,  red  pepper,  yeast,  spices,  sugar, 
flour,  and  also  tobacco  and  snuff. 

This  beetle  is  widely  distributed,  and  virtually  cosmopolitan  in 
its  range.  At  the  Columbian  Exposition  in  1893  it  was  found  in 
exhibits  of  food  products  from  Brazil,  Argentina,  Paraguay, 
Trinidad,  Mexico,  Greece,  Italy,  Tunis,  Liberia,  and  Java.  It  is 
generally  distributed  in  North  America. 

The  Granary  Weevil 
( Calandra  gvanaria  Linn.J 

Corn  or  wheat,  the  kernels  of  which  contain  a  small,  fat,  leg¬ 
less,  whitish  grub,  somewhat  like  those  commonly  found  in  nuts, 
but  of  much  smaller  size,  is  infested  either  with  this  insect  or  the 
closely  related  rice-weevil,  next  discussed.  The  beetle  (Fig.  10) 
is  about  an  eighth  of  an  inch  long,  ovate,  convex,  and  uniformly 
chestnut-brown,  the  thorax  with  elongate  punctures  in  more  or 
less  definite  lengthwise  rows,  and  the  wing-covers  finely  grooved 
and  ridged  lengthwise.  The  head  is  prolonged  into  a  stout  probos- 


Fig\  10.  Granary  Weevil,  Calandra  granaria,  adult.  X  25. 

cis-like  snout  bearing  the  elbowed  antennae  attached  to  its  sides. 
The  minute  white  egg  is  placed  in  a  cavity  made  in  a  kernel  of 
wheat  or  corn  for  the  purpose.  There  is  usually  but  a  single  grub 
to  a  grain  of  wheat,  but  there  may  be  as  many  as  two  or 
three  in  a  kernel  of  corn.  As  the  beetles  are  unable  to  fly, 
they  do  not  infest  the  ripened  grain  in  the  field.  Tfiere  may  be 
four  or  five,  or  even  more,  successive  generations  in  a  year,  each 
requiring  about  forty  days  for  its  development.  As  the  adults 
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may  live  six  months  or  more  if  abundantly  supplied  with  food, 
several  generations  commonly  coexist  in  badly  infested  grain. 
Such  grain  is  unfit  for  human  consumption,  and  as  it  can  not  be 
separated  from  that  which  is  uninjured,  it  is  often  a  total  loss. 

Treatment  by  heat,  and  fumigation  with  carbon  bisulfid,  are 
the  standard  methods  of  destruction. 

The  species  is  widely  distributed  in  the  United  States,  but  is 
more  common  southward. 

The  Rice-weevil 
( C aland ra  oryza  LinnJ 

The  beetle  of  this  species  (Fig.  n)  differs  from  the  granary 
weevil  in  being  slightly  smaller  and  of  a  duller  brown,  and  by 
having  on  the  wing-covers  four  more  or  less  distinct  reddish  spots, 
two  at  the  front  angles  and  two  near  the  tips.  It  is,  moreover,  able 
to  fly.  It  varies  in  color,  from  light  brown  to  black,  and  its  thorax 


Fig.  11.  The  Rice-weevil,  Calandra  oryza,  adult.  x~5. 

is  densely  covered  with  minute  circular  punctures  not  arranged  in 
longitudinal  lines.  In  its  early  stages  it  is  so  similar  to  the  preceding 
species  that  a  careful  technical  description  is  necessary  to  separate 
them. 

Th  is  beetle,  having  the  power  of  flight,  may  infest  the  grain 
in  the  field  even  before  this  is  fully  ripe.  A  single  female  may 
produce  as  many  as  four  hundred  eggs,  and  altho  the  sexes  fre¬ 
quently  pair,  reproduction  sometimes  occurs  without  this  prelim¬ 
inary.  The  grub  hatching  from  the  egg  is  creamy  white  with  a 
brownish  head.  The  pupa  is  at  first  white,  but  turns  to  brown¬ 
ish  as  the  beetle  develops  within.  It  is  formed  in  a  definite 
cavity  or  cell  within  an  infested  grain.  Development  may 
be  greatly  retarded,  or  even  arrested,  by  cold  weather,  the 
insect  living  on  in  whatever  stage  it  may  have  reached.  A  genera¬ 
tion  may  develop  in  three  to  six  weeks,  according  to  temperature. 
The  larvae  lyiay  reach  full  size  in  about  sixteen  days. 

This  weevil  is  especially  troublesome  southward,  where  it  in¬ 
fests  corn  in  the  field  and  afterwards  in  the  crib.  The  beetles  begin 
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to  deposit  their  eggs  in  the  South,  early  in  June,  and  continue  until 
the  corn  is  ripe,  adults  emerging  in  about  a  month  after  the  eggs 
are  placed.  This  weevil  may  infest  most  of  the  cereals,  and  is 
especially  common  in  rice.  It  has  also  been  found  in  tobacco,  in 
boxes  of  crackers  and  cakes,  in  macaroni,  and  other  bread  stuffs, 
and  in  barrels  of  flour  and  bags  of  meal.  Its  effect  on  ears  of 
corn  infested  by  it  resembles  closely  that  of  the  Angoumois  grain 
moth,  and  as  many  as  three  or  four  may  live  and  mature  in  a  single 
kernel  of  that  plant. 

*- 

The  Yellow  Meal-worm 
(Tenebrio  molitor  LinnJ 

This  is  a  cylindrical,  yellowish,  shining  grub  (Fig.  io.  n) 
about  an  inch  long  when  full-grown,  with  the  general  appearance 
of  a  thick  wireworm,  often  found  in  stored  flour,  meal,  bran,  and 
other  similar  material.  The  adult  belongs  to  the  family  known  as 


Fig.  io.  Yellow  Meal-worm,  Tenebrio  molitor,  larva,  seen  from 

above. 

darkling  beetles  (Tcncbrionidcc) ,  because  they  avoid  the  light. 
They  do  not  infest  crops,  and  are  economically  important  only  as 
they  occur  in  stored  products  intended  for  consumption  by  man  or 
beast.  The  beetle  of  this  species  (Fig.  12)  is  about  five  eighths 
of  an  inch  long,  somewhat  flattened,  with  head  and  thorax  minutely 
punctured,  and  with  longitudinal  raised  lines  on  the  wing-covers. 
The  eggs  are  deposited  singly  or  in  small  clusters  in  the  food  sub- 


Fig.  11.  Yellow  Meal-worm,  Tenebrio  molitor,  larva,  side  view. 

stance  of  the  grubs.  They  may  hatch  in  about  two  weeks.  The 
young  grub  is  white  at  first,  but  gradually  turns  to  yellowish,  darker 
at  each  end  and  also  at  the  end  of  each  segment.  It  may  complete 
its  growth  in  about  three  months.  There  is  but  a  single  generation 
in  a  year,  the  beetles  emerging  in  April,  May,  and  June.  They  are 
nocturnal  in  habit,  flying  about  at  night.  The  grubs  commonly 
get  their  growth  by  fall  or  early  winter,  remain  more  or  less  active 
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during  the  winter  season,  and  pupate  in  early  spring,  to  emerge 
several  weeks  later  in  the  beetle  stage.  The  meal-worm  feeds  on 


Fig.  12.  Yellow  Meal-worm,  Tenebrio  molitor ,  adult. 

flour,  meal,  and  even  the  dust  and  refuse  of  mills  and  granaries. 
It  has  sometimes  been  found  in  ship’s  biscuit,  and  will  doubtless 
infest  similar  cooked  foods  exposed  to  its  invasion. 

A  closely  related  species  known  as  the  dark  meal-worm  (Tene¬ 
brio  obscurus  LinnJ  is  extremely  similar  to  the  foregoing,  but  dull 
pitchy  black.  In  habits  and  economic  relations  this  is  a  close  parallel 
to  the  preceding,  altho  the  larva  has  been  taken  in  more  unusual 
substances,  such  as  cotton-seed,  commercial  soda,  cotton-seed  meal, 
black  pepper,  and  commercial  fertilizer.  Both  these  species  avoid 
the  light,  and  are  most  likely  to  breed  in  dark  unclean  corners  of 
mills  and  elevators.  Thoro  cleanliness  is,  consequently,  an  im¬ 
portant  preventive. 

Measures  of  Prevention  and  Remedy 

Insects  of  the  granary  are  much  more  easily  kept  out  than  put 
out.  All  places  where  grain  or  any  of  its  products  are  stored 
should  above  all  things  be  kept  clean — not  merely  apparently  clean, 
but  actually  so.  Cracks  in  the  walls  and  floor,  for  example,  may 
seem  to  be  clean  when  swept  over,  but  may  really  be  filled  with  the 
dust  of  grain  and  similar  debris  and  thus  become  a  breeding  place 
for  a  number  of  granary  insects.  Storage  rooms  and  bins  should, 
in  fact,  be  so  constructed  as  to  be  free  from  cracks,  the  walls,  floor, 
and  ceiling  smooth,  and  everything  solid  and  snug.  No  rubbish 
of  any  kind  should  be  allowed  to  accumulate,  either  in  the  building 
or  on  adjacent  premises.  Everything  should  also  be  done  to  keep 
insects  out  of  the  storehouse.  Grain  should  be  brought  in  from 
the  field  as  soon  as  possible,  since  the  longer  it  is  exposed  after 
ripening  the  more  likely  is  to  become  infested  by  the  Angoumois 
grain  moth,  the  rice-weevil,  and  some  other  species.  If  found  in- 
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fested  when  brought  in  from  the  field,  it  should  at  once  be  fumi¬ 
gated  with  carbon  bisulfid  in  a  room  especially  constructed  for  the 
purpose  in  a  manner  to  be  described  later.  In  the  management  of 
mills,  returned  bagging,  second-hand  machinery,  and  the  like, 
should  be  carefully  inspected  or,  better,  regularly  fumigated. 

The  more  important  special  measures  which,  used  alone  or  in 
combination,  may  prevent  infestation  by  granary  pests,  may  be 
described  as  follows. 

1.  Small  grain  should  be  threshed  and  stored  as  soon  after 
ripening  as  possible.  Wheat  should  be  harvested  and  threshed 
directly  from  the  shock  if  practicable,  but  if  stacked,  should  not 
stand  in  the  field  longer  than  is  absolutely  necessary. 

2.  The  place  intended  for  the  reception  of  a  crop  should  be 
thoroly  cleaned  out  some  time  in  advance,  and  if  there  is  reason  to 
suppose  that  it  has  contained  granary  pests,  it  should  be  fumigated 
with  sulphur.  Complete  protection  against  weevils  requires  that 
rooms  for  grain  should  be  made  tight,  with  windows  screened  and 
doors  close-fitting,  and  also  that  they  should  be  cool  and  dry.  With 
proper  care  and  some  additional  expense,  any  such  structure  can 
be  made  gas-tight  and  suitable  for  the  fumigation  of  its  contents 
with  carbon  bisulfid,  but  the  need  of  thoro  ventilation  should  not 
be  left  out  of  account. 

3.  If  it  were  possible  to  dry  grain  from  the  field  artificially  at 
a  temperature  of  125 0  F.  for  four  or  five  hours,  all  insects  would 
be  killed  and  the  grain  could  then  be  stored  in  a  thoroly  clean  and 
tight  place,  and  safely  left  until  needed  for  shipment  or  use.  Corn 
which  has  been  shelled  dry  and  sacked  is  much  safer  than  that  left 
on  the  ear,  whether  with  or  without  the  husks.  Grain  stored  for 
seed  should  be  dried  artificially,  since  it  not  only  keeps  better  and 
germinates  more  generally,  but  it  is  also  less  liable  to  be  eaten  by  such 
insects  as  devour  the  kernel. 

4.  Farmers,  seedsmen,  and'  millers  should,  in  buying  grain, 
make  sure  that  it  is  free  from  insects. 

Treatment  of  Infested  Grain 

When  a  mill  or  storeroom  full  of  grain  has  become  infested 
with  granary  insects,  an  inspection  should  first  be  made  as  to  the 
nature  and  extent  of  the  infestation.  Much  time  and  money  may 
often  be  saved  in  this  way,  for  the  trouble  may  prove  to  be  of 
slight  practical  importance,  and  capable  of  being  remedied  by  some 
simple  and  inexpensive  operation.  A  seed-corn  warehouse,  for  ex¬ 
ample,  may  be  so  generally  infested  by  several  insects  that  it  would 
seem  that  serious  damage  must  have  been  done,  but  it  may  be  found 
that  the  more  abundant  of  these  insects  are  feeding  on  dust  and 
rubbish  derived  from  the  grain,  and  that  only  one  of  them  is 
actually  injuring  the  kernels;  and  a  thoro  examination  of  fair 
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samples  may  show  that  less  than  one  percent  of  the  kernels  are 
actually  injured.  Corn  in  the  ear  may  sometimes  be  sorted  to 
advantage,  if  •  infested,  with  a  view  to  removing  ears  showing 
injury  and  shelling  and  bagging  the  remainder.  A  general  infesta¬ 
tion  may  often  be  checked  in  its  development  by  opening  the  ware¬ 
house  in  winter  to  lower  the  temperature,  or  by  the  use  of  heat 
as  is  presently  to  be  described. 

If,  however,  it  appears  that  an  infestation  is  general  and  the 
injury  considerable,  and  that  simple  measures  will  not  be  sufficient, 
some  more  general  program  will  he  necessary.  If  fumigation  with 
either  carbon  bisulfid  or  hydrocyanic  acid  gas  is  practicable  under  the 
conditions,  this  is  by  all  means  the  most  effective  and  satisfactory 
process  in  such  cases ;  but  this  requires  that  it  shall  be  possible  to 
make  the  granary  or  storeroom  virtually  gas-tight,  or  so  tight  that 
the  leakage  of  gas  will  be  so  slow  that  a  fatal  atmosphere  may  be 
maintained  for  a  period  of  several  hours. 

Hydrocyanic  acid  gas  is  the  more  poisonous  of  these  two  sub¬ 
stances,  but  the  more  difficult  and  dangerous  of  application,  and 
as  it  has  comparatively  little  penetrating  power,  it  can  not  be  used 
against  insects  infesting  grain  in  bulk  or  against  those  which  are 
inclosed  within  the  kernel.  It  is  the  best  fumigant,  however,  for 
use  against  the  Mediterranean  flour-moth,  and  for  any  other  soft- 
bodied  insects  which  do  not  penetrate  deeply  into  the  grain.  Car¬ 
bon  bisulfid  must  be  chosen  if  hydrocyanic  acid  gas  is  not  available. 
Even  where  the  storage  rooms  can  not  be  made  fit  for  the  fumiga¬ 
tion  process,  it  may  be  possible  to  accomplish  the  purpose  by  con¬ 
structing  a  special  room  or  even  erecting  a  small  separate  building 
thru  which  infested  material  may  be  passed  in  comparatively  small 
lots. 

Next  to  fumigation,  extremes  of  temperature,  especially  sudden 
changes  from  one  extreme  to  another,  are  on  the  whole,  the  most 
effective. 

FUMIGATION  WITH  HYDROCYANIC  ACID  GAS 

Preliminary  to  the  fumigation  of  a  mill,  warehouse,  or  granary, 
the  room  or  rooms  to  be  fumigated  should  be  thoroly  cleaned  and 
the  sweepings  burned.  This  operation  is  particularly  important, 
as  the  gas  to  be  used  has  little  penetrating  power,  and  living  in¬ 
sects  nesting  away  in  a  pile  of  rubbish,  or  hidden  in  a  crevice 
packed  with  dirt,  may  escape  uninjured.  Next,  everything  must 
be  done  to  make  the  place  tight,  windows  and  doors  receiving 
special  attention.  Cracks  around  window- frames  should  be  tightly 
stuffed  with  cotton  batting,  macerated  paper,  or  white  waste,  or 
else  thick  soft  paper  should  be  fastened  over  the  cracks  with  car¬ 
penters’  glue  or  a  good  quality  of  flour  paste.  Broken  or  missing 
window-panes  should,  of  course,  be  replaced.  Keyholes  in  doors, 
and  spaces  between  the  door-frame  and  the  door  itself  should  be 
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similarly  closed.  All  outlets  to  the  room — ventilators,  registers, 
pipe  openings,  and  the  like,  as  well  as  cracks  in  the  floors,  ceilings, 
and  walls — should  be  stuffed  with  waste  and  covered  with  paper. 
As  carpenters'  glue  is  difficult  to  remove,  a  good  flour  paste  may 
he  substituted  for  it  where  this  is  a  matter  of  importance. 

Hydrocyanic  acid  gas  is  produced  by  the  reaction  of  cyanide  of 
potassium,  sulphuric  acid,  and  water,  the  gas  coming  off  with  a 
more  or  less  violent  bubbling  of  the  mingled  fluids.  The  gas 
evolved  is  one  of  the  most  prompt  and  powerful  poisons  in  com¬ 
mon  use,  and  the  residue  left  after  the  reaction  is  sufficiently  poison¬ 
ous  to  make  it  necessary  that  it  should  be  carefully  disposed  of 
by  burying.  The  cyanide  used  should  be  in  lumps,  and  98  percent 
pure.  To  insure  this  strength  a  reliable  brand  should  be  bought 
in  its  original  sealed  package.  That  manufactured  by  Merck  & 
Company,  of  New  York,  is  of  standard  quality  and  can  be  de¬ 
pended  on.  Commercial  sulphuric  acid  is  of  sufficient  purity,  but 
it  should  have  a  specific  gravity  of  about  1.83  (66°  Beaume). 
Cyanide  should  be  protected  from  moisture  and  kept  in  sealed  ves¬ 
sels,  as  it  is  otherwise  liable  to  decompose.  Gloves  should  be  worn 
while  handling  either  of  these  chemicals. 

To  determine  the  amount  of  the  ingredients  needed  for  fumiga¬ 
tion,  one  must  first  find  the  cubic  contents  of  the  containing  room, 
making  no  allowances  for  furniture  or  other  objects  in  it.  An 
ounce,  by  weight,  of  cyanide,  and  a  fluid  ounce  of  commercial  acid 
are  needed  for  every  hundred  cubic  feet  of  space  in  the  room. 

Three-gallon  earthenware  jars  make  suitable  generators,  and 
these  should  be  provided  at  the  rate  of  one  for  every  five  thousand 
cubic  feet  of  space  to  be  fumigated.  As,  for  the  best  effect,  the 
gas  must  be  held  at  least  eighteen  hours,  the  importance  of  tight 
construction  is  manifest.  If,  however,  this  is  impracticable,  the 
strength  of  the  gas — the  amount,  that  is,  of  the  ingredients  per 
hundred  cubic  feet — must  be  increased  according  to  the  judgment 
of  the  operator.  In  some  cases  even  twice  the  above  quantities 
may  be  found  necessary  to  a  successful  operation. 

The  containers  should  then  be  distributed  thruout  the  room  or 
rooms  and  the  proper  amount  of  water  should  be  poured  into  each. 
The  sulphuric  acid  should  next  be  measured  out  and  gently  poured 
into  the  water.  The  cyanide  of  potash  should  be  prepared  for  use 
by  breaking  it  into  lumps  somewhat  smaller  than  an  egg.  This 
should  be  done  in  the  open  air.  It  should  then  be  carefully  weighed 
out  and  placed  in  thin  paper  bags  in  quantity  sufficient  for  each  of 
the  containers.  One  of  these  should  be  placed  by  the  side  of  each 
jar,  and  then  the  sacks  should  be  dropped  carefully  in  quick  suc  ¬ 
cession  into  their  corresponding  jars  in  such  an  order  that  the 
operator  shall  not  be  exposed  to  the  evolving  vapors.  When  all 
is  done  the  exit  should  be  closed  and  locked,  and  a  conspicuous 
label  should  be  placed  outside  as  a  warning. 
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Fumigation  should  be  done  on  a  quiet  day,  as  a  high  wind 
tends  to  blow  the  vapor  thru  such  openings  as  may  remain  in  the 
walls.  A  temperature  of  not  less  than  70 °  is  to  be  preferred. 
Commonly  two  successive  treatments  three  or  four  weeks  apart 
are  necessary  to  complete  success. 

The  operator  must  bear  in  mind,  in  his  plans  and  procedure, 
that  everything  must  be  done  in  such  a  way  that  he  shall  not 
breathe  the  escaping  gas.  Milk,  meats,  and  other  moist  or  liquid 
food  materials,  should  be  removed  before  fumigating,  as  they  are 
liable  to  become  poisoned  by  absorption  of  the  gas.  Arrangements 
should  be  made  to  open  the  building  from  without  for  ventilation 
when  the  fumigation  is  completed,  and  it  should  not  be  entered 
until  it  is  practically  free  from  the  gas. 

FUMIGATION  WITH  CARBON  BISULFID 

This  volatile  and  exceedingly  ill-smelling  chemical  has  been 
more  or  less  used  against  stored  grain  insects  for  many  years,  but 
recent  experiments,  including  some  of  those  upon  which  this  dis¬ 
cussion  is  based,  have  shown  that  the  strengths  at  which  it  must 
be  used  and  the  best  methods  of  its  application,  were  but  little  un¬ 
derstood,  and  that  it  has  often  been  recommended  for  too  many 
purposes  and  for  use  under  really  impossible  conditions.  This 
has  resulted  in  many  failures  which  have  discredited  it  more  or 
less  as  an  insecticide  for  granary  and  warehouse  use. 

The  commercial  bisulfid  is  a  heavy,  oily  fluid  with  a  specific 
gravity  of  1.29,  boiling  at  1 1 5 0  F.,  and  igniting  at  about  300"  F. 
It  is  cold  to  the  touch,  and  because  of  its  rapid  evaporation  it  pro¬ 
duces  a  freezing  sensation  when  applied  to  the  skin.  When 
handled  in  quantity  one's  feet  are  likely  to  become  cold,  especially 
if  any  of  the  fluid  is  spilled  upon  the  shoes.  The  vapor  is  a  little 
over  two  and  a  half  times  heavier  than  air,  a  point  to  be  remem¬ 
bered  in  application,  since  it  goes  first  to  the  bottom  of  the  in¬ 
closure.  When  mixed  with  air  it  becomes  inflammable  and  ex¬ 
plosive,  especially  when  the  mixture  is  in  the  ratio  of  about  one 
part  of  the  vapor  to  fourteen  parts  of  air,  equivalent  to  fifteen 
pounds  of  the  fluid  to  a  thousand  cubic  feet  of  space.  Such  a  mix¬ 
ture  of  air  and  bisulfid  vapor  may  be  exploded  by  so  small  a  cause 
as  the  spark  made  by  hitting  a  nail  or  by  turning  an  electric  light 
on  or  off,  instances  of  both  of  which  have  come  within  our  own 
experience.  The  chemical  leaves,  on  evaporation,  a  residue  of  im¬ 
purities  which  stain  cloth  and  other  substances,  so  that  direct  con¬ 
tact  with  it  should  be  avoided.  Its  rate  of  evaporation  is  in  pro¬ 
portion  to  the  temperature  and  the  area  of  its  surface  of  exposure, 
being  very  rapid  when  exposed  in  shallow  vessels  and  at  a  high 
temperature.  Its  efficiency  is  also  the  greater  the  more  rapid  the 
evaporation  and  the  higher  the  temperature.  One  volume  of  the 
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liquid  will  pxoduce  about  three  hundred  and  seventy-five  volumes 
of  the  vapor. 

There  is  one  effect  of  this  gas  upon  the  person  handling  it 
which  should  be  especially  borne  in  mind.  When  evaporated  by 
spraying  or  sprinkling,  or  by  exposing  in  many  wide  and  shallow 
dishes,  it  accumulates  very  rapidly  in  the  air,  and  unless  one  is 
careful  it  will  soon  affect  him  dangerously.  Operators  in  large 
storage  rooms  applying  the  fumigant  by  means  of  a  spray  have 
become  unconsciously  intoxicated  by  it,  and  are  liable  to  be  over¬ 
come,  with  dangerous  or  even  fatal  consequences.  The  sense  of 
smell  becomes  benumbed,  hearing  and  sight  are  dulled,  the  action 
of  the  heart  becomes  quick  and  violent,  and  the  mouth  dry  and 
parched.  If  these  symptoms  appear,  the  operator  should  at  once 
abandon  his  task.  A  serious  intoxication  may  last  for  several  hours, 
accompanied  by  headache  and  followed  by  a  taste  of  the  bisulfid 
in  the  mouth  for  a  day  or  two. 

Altho  carbon  bisulfid  was  formerly  supposed  to  be  available 
only  for  grain  in  bulk,  and  not  permissible  for  flour,  it  is  now 
known  that  it  may  be  used  in  mills  without  fear  of  injuring  the 
flour  in  any  way.  The  method  of  its  use  will  vary  somewhat  ac¬ 
cording  to  the  conditions  present,  but  the  fluid  should  be  evaporated 
as  rapidly  as  possible,  and  the  vapor  should  be  given  off  from  as 
high  a  place  as  possible  within  the  inclosure.  A  moderately  high 
temperature  is  to  be  preferred,  but  is  not  indispensable.  The  best 
method  of  distributing  the  fluid  is  by  means  of  an  atomizer  or  a 
spray  pump.  If  the  latter  is  used,  the  liquid  may  be  sprayed 
directly  upon  the  ceiling;  or  it  may  be  simply  sprinkled  over  the 
exposed  surface  from  a  watering-pot. 

When  these  methods  are  impracticable,  it  will  accomplish  the 
purpose  if  it  is  placed  high  up  towards  the  ceiling  in  large,  very 
shallow,  dishes  or  pans,  the  sides  not  more  than  a  quarter  of  an 
inch  in  height.  Bags  of  cotton-seed  or  grain  may  be  treated 
separately  by  means  of  an  iron  tube,  provided  with  a  conical  tip, 
and  pierced  along  its  sides  with  holes  to  permit  the  escape  of  the 
liquid  and  vapor.  In  most  cases,  however,  this  individual  treat¬ 
ment  will  be  found  unnecessary. 

Our  recent  experiments,  carried  on  with  great  care  and  dupli¬ 
cated  many  times,  have  convinced  us  that  an  effective  fumigation 
requires  ten  pounds  of  carbon  bisulfid  to  every  thousand  cubic  feet 
of  space  to  be  treated.  At  this  strength  we  have  found  the 
fumigant  effective  against  all  granary  pests  and  at  all  temperatures. 
An  effective  treatment  presupposes  a  construction  of  the  granary 
or  bin  such  as  to  hold  the  vapor  for  several  hours  without  serious 
loss  by  leakage.  It  is  at  this  point  that  most  persons  fail  in  prac¬ 
tical  work,  since  few  storehouses  or  granaries  are  sufficiently  tight 
to  hold  the  vapor  long  enough,  without  special  and  careful  prep¬ 
aration. 
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To  protect  one’s  grain  or  other  property  against  insect  pests 
he  must  either  build  his  granary  or  storerooms  in  such  a  way  as 
to  permit  effective  fumigation,  or  he  must  provide  a  properly  built 
room  to  be  used  especially  for  fumigation  of  infested  materials. 
This  room  may,  of  course,  be  of  any  convenient  shape,  but  it  should 
not  have  more  windows  or  doors  than  necessary,  and  it  should 
not  contain  more  than  fifteen  thousand  cubic  feet  of  space.  The 
walls,  ceiling,  and  floor  should  be  similarly  constructed — built,  that 
is,  of  two  layers  of  seasoned,  grooved  flooring  of  good  quality,  the 
outer  layer  running  at  right  angles  to  the  inner,  and  with  glazed 
building  paper  between  the  two.  Care  must  be  taken  with  this 
layer  of  paper,  as  it  is  an  important  part  of  the  structure.  Wherever 
the  edges  are  joined  they  should  be  broadly  overlapped  and  secured 
by  gluing.  The  door  should  be  similarly  constructed.  The  in¬ 
terior  of  the  building  should  have  all  cracks,  crevices,  and  holes 
closed  by  putty,  after  which  it  should  receive  a  heavy  coat  of  paint 
and  should  then  be  lined  thruout  with  linen  cloth  stretched  tight, 
lapped  at  the  edges,  and  held  in  place  by  lathing.  This  cloth  should 
be  so  placed  that  the  laps  do  not  come  at  the  corners  of  the  room, 
and  it  should  be  finally  coated  with  moderately  thick  carpenters' 
glue,  which  substance  has  the  great  advantage  that  it  is  insoluble 
in  carbon  bisulfid.  It  must,  however,  be  renewed  if  it  cracks  and 
scales  off,  as  is  sometimes  the  case,  especially  when  the  lumber  is 
not  well  seasoned.  The  door  should  be  treated  like  the  walls.  It 
should  fit  as  tightly  as  possible,  and  clamps  similar  to  those  on 
refrigerator  doors  should  be  used  to  batten  it. 

THE  USE  OF  COLD  AND  HEAT 

It  is  a  well-known  fact  that  insects  are  peculiarly  sensitive  to 
sudden  and  extreme  changes  in  temperature,  and  under  storage 
conditions  this  susceptibility  can  often  be  made  use  of  to  excellent 
advantage.  A  zero  temperature  following  upon  one  of  50 0  or 
60 0  F.,  and  quickly  followed  again  by  a  temperature  of  ioo°  or 
more,  will  commonly  kill  every  insect  in  an  infested  mill  or  storage 
room.  Where  steam  heat  can  be  applied,  especially  in  northern 
Illinois,  granary  pests  can  thus  be  readily  exterminated.  Indeed, 
a  temperature  of  1250  to  130°  F.  maintained  for  several  hours 
by  artificial  means  will  itself  destroy  most  insects;  but  for  this 
it  is  necessary  to  provide  steam  radiators  near  the  floor,  to  use 
direct  steam  under  pressure,  and  to  close  down  the  mill  or  other 
building  for  about  twenty-four  hours. 

Contact  Insecticides 

In  cleaning  up  infested  places,  cracks  in  the  floor,  walls,  and 
ceiling  must  often  he  treated  in  a  way  to  destroy  the  insects  con- 
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cealed  within  them.  Gasoline  and  benzine  are  both  excellent  for  this 
purpose,  provided  fire  and  lights  be  kept  away  from  them  until 
they  have  evaporated,  as  of  course  they  presently  do.  They  may 
be  applied  in  any  convenient  way — by  brushing,  sprinkling,  or 
spraying,  according  to  the  conditions  present.  They  act  at  once 
upon  contact,  and  if  doors  and  windows  are  opened  immediately 
after  the  application  the  vapors  will  soon  disappear. 

A  Key  for  the  Identification  of  Granary  Insects 

This  table  is  introduced  to  enable  practical  grain  men  and 
millers  to  identify  insects  found  injuring  stored  grains  and  their 
products.  It  is  simply  a  working  table  for  the  most  important  of 
these  insects,  and  does  not  include,  of  course,  all  insects  to  be 
found  in  stored  grain  or  in  mills,  some  of  which  may  be  merely 
feeding  on  debris.  The  table  is  as  free  from  technicalities  as  it  is 
possible  to  make  it.  It  should  be  remembered  that  all  of  these 
insects  have  four  distinct  stages  of  development,  proceeding  in 
succession  from  the  egg  to  larva,  pupa,  and  adult ;  also  that  all 
adult  insects  have  six  legs,  neither  more  nor  less,  and  that  all  here 
considered  have  two  pairs  of  wings. 

A.  Moths  or  millers;  the  larva  a  caterpillar  with  distinct  head, 
three  pairs  of  thoracic  legs  and  five  pairs  of  abdominal  legs, 
one  of  these  pairs  on  the  last  segment.  The  larva  usually 
spins  a  cocoon;  the  pupa  is  brownish,  its  appendages  not 
free.  The  adult  insects  have  two  pairs  of  wings,  the  front 
pair  longer  and  usually  more  colored  than  the  lower  or  hind 
pair,  which  are  usually  grayish.  Their  bodies  are  soft,  pliable, 
and  covered  with  microscopic  scales,  like  dust,  and  fine  hairs. 
Insects  of  medium  size,  usually  about  half  an  inch  long. 

a.  A  small  whitish  caterpillar,  living  in  grains  of  corn  or  wheat, 
eating  out  the  embryo  and  other  soft  portions,  pupating 
within  the  grain,  and  emerging  thru  a  round  hole  at  or  near 
the  tip  of  the  kernel;  this  hole  is  covered  with  silk.  Badly 
infested  ears  of  corn  look  as  if  riddled  with  shot.  Adult 

moths  grayish  clay-yellow,  small . 

. The  Angoumois  Grain  Moth. 

aa.  Caterpillars  which  spin  much  silk,  usually  forming  a  silken 
tube  to  which  they  retire ;  this  tube  covered  with  particles 
of  whatever  substance  they  happen  to  be  feeding  upon. 
Living  in  flour,  meal,  or  chaff,  sometimes  among  grain,  or 
in  food  substances  such  as  prepared  cereals.  .  The  full- 
grown  caterpillars  make  a  cocoon. 
b.  A  free-living  caterpillar  usually  not  concealed  within  a 
silken  tube,  olive-green  to  pinkish  in  color,  infesting 
grain  or  meal,  webbing  particles  together,  covering  bags 


fcO 


of  grain  with  a  web  of  silk,  and  generally  scattering  silk 
in  all  directions.  The  moth  has  the  outer  two-thirds  of 
the  fore  wing  reddish  brown  with  the  luster  of  copper, 
while  the  inner  or  basal  third  is  soiled  grayish ;  its  hind 
wings  are  grayish.  The  cocoon  is  elliptical,  slender, 
fragile,  and  of  clear  silk . The  Indian  Meal  Moth- 

bb.  Caterpillars  living  in  densely  woven  silken  cases  which 
are  covered  with  particles  of  the  food  substance.  Com¬ 
mon  in  flour  or  chaff  in  corners. 

c.  A  yellowish  white  to  pinkish  caterpillar  living  in  flour, 
webbing  it  together  and  forming  a  cocoon  covered  with 
particles  of  flour.  The  moth  is  dark  grayish,  the  fore 
wings  silvery  gray  mottled  with  blackish  streaks,  one  of 
which,  obscurely  resembling  a  letter  V  or  W,  crosses  the 
wing  between  its  base  and  middle;  the  hind  wings  are 

silvery  whitish . The  Mediterranean  Flour-moth. 

cc.  A  soiled  grayish  caterpillar,  darker  at  each  end,  living 
in  chaff  or  other  vegetable  debris  in  dark  damp  places, 
securely  webbing  the  food  substance  together  so  that  it 
becomes  matted ;  larval  case  and  cocoon  completely  hid¬ 
den,  covered  with  the  food  substance.  Adults  very  beau¬ 
tiful,  base  and  outer  portions  of  the  front  wings  brown¬ 
ish  red,  the  middle  portion  whitish,  margined  on  each 
side  by  a  thin  wavy  whitish  line  which  crosses  the  wing 
and  separates  the  three  color  divisions.  The  hind  wings 
are  whitish,  with  a  whitish  wavy  line  running  thru  them 

and  a  row  of  black  spots  around  the  hind  margin . 

. The  Meal  Snout-moth. 

A  A.  Beetles  or  weevils;  the  larva  or  grub  with  a  distinct  head, 
usually  three  pairs  of  thoracic  legs  but  no  abdominal  legs,  bit¬ 
ing  jaws.  Does  not  spin  a  cocoon.  The  pupa  is  whitish,  the 
appendages  free.  The  adults  are  hard  and  horny,  with  two 
pairs  of  wings,  the  upper  pair  horny,  closed  together  in  a 
•  straight  line  over  the  back,  and  concealing  the  larger,  folded, 
thin  under  pair.  Their  mouths  are  constructed  for  chewing; 
placed  in  weevils  at  the  tip  of  a  snoutlike  prolongation  of  the 
head.  Insects  differing  much  in  size ;  usually  about  as  large 
as  a  grain  of  wheat,  but  varying  up  to  a  half-inch  or  more  in 
length. 

d.  Small  insects  living  in  kernels  of  grain,  or  among  grain  and 
other  stored  products. 

e.  A  very  small,  fat,  humped-up  grub,  occurring  in  kernels  of 
wheat  or  corn,  like  the  grub  in  chestnuts  but  smaller, 
yellowish  white,  legless,  very  hump-backed  and  wrinkled, 
unable  to  crawl,  its  head  inconspicuous  and  yellowish 


81 


brown.  The  pupa  is  found  within  the  kernel.  The  adult 
is  smaller  than  a  grain  of  wheat,  with  a  snoutlike  pro¬ 
longation  of  the  head,  and  elbowed  feelers  attached  to 
the  snout.  Two  brownish  species,  which  feign  death 
when  disturbed.  In  ears  of  corn  their  work  is  very  sim¬ 
ilar  to  that  of  the  Angoumois  grain  moth,  previously 
described. 

/.  The  adult  beetle  is  chestnut-brown,  without  spots  on  its' 
upper  wings.  A  slightly  larger  weevil  than  the  next, 

more  common  in  the  North . . 

. The  Granary  or  Black  Weevil. 

ff.  The  adult  beetle  is  somewhat  duller  brown  than  the  pre¬ 
ceding  with  four  reddish  spots,  one  on  each  outer  cor¬ 
ner  of  the  upper  wing.  A  southern  species . 

.  .  . The  Rice  or  Spotted  Weevil. 

ee.  Small,  more  or  less  slender,  somewhat  flattened  grubs, 
with  distinct  head  and  thoracic  legs,  crawling  about  in 
the  debris  of  various  grains  or  their  products,  or  in  veg¬ 
etable  foodstuffs.  The  adults  are  flattened,  longer  than 
wide,  the  head  not  prolonged  into  a  snout.  They  occur 
with  the  grubs,  actively  feeding.  Two  distinct  species 
and  their  allies;  all  small. 

g.  The  grub  uniform  in  color,  whitish,  about  a  quarter  of 
an  inch  long,  slender,  its  head  narrower  than  the  first 
body  segment ;  pupa  with  the  thorax  not  toothed  laterally, 
but  with  most  of  the  abdominal  segments  bearing  a 
toothlike  lobe,  acute  at  each  outer  corner  and  toothed 
along  its  sides.  The  adult  beetle  is  active,  smooth,  el¬ 
liptical,  and  reddish  brown.  The  Confused  Flour-beetle. 

gg.  The  grub  whitish,  with  a  rectangular  yellowish  area 
on  each  segment  above,  only  the  margin  whitish  as  seen 
from  above ;  the  head  broader  than  the  first  body  seg¬ 
ment.  The  pupa  bears  along  each  side  of  the  thorax  and 
abdomen  a  series  of  stout  lobelike  teeth,  which  are  cy¬ 
lindrical-rectangular  and  blunt.  The  adult  beetle  is 
smaller  than  in  the  preceding  species,  color  dark  choco¬ 
late-brown,  the  sides  of  the  thorax  toothed  like  a  saw.  . 
. The  Saw-toothed  Grain-beetle. 

dd.  Large  insects,  living  concealed  in  the  bottoms  of  bins,  cor¬ 
ners,  and  the  like,  feeding  upon  flour,  meal,  or  bran.  The 
adults  are  large  black  beetles;  the  larvae,  large,  cylindrical, 
wormlike  creatures,  resembling  wireworms. 

h.  The  adult  not  quite  black  in  color,  shining,  its  third  an¬ 
tennal  joint  not  quite  twice  as  long  as  the  second;  larva 
light  yellowish,  shining. ...  The  Yellow  Meal-worm  beetle. 
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hh.  The  adult  black  and  without  luster,  its  third  antennal 
joint  thrice  as  long  as  the  second;  larva  very  dark,  shining. 
. The  Dark  Meal-worm  beetle. 


REPORT  ON  INSECTS  INJURIOUS  TO  FLOW¬ 
ERING  AND  ORNAMENTAL  GREENHOUSE 

PLANTS  IN  ILLINOIS 

By  J.  J.  DAVIS 

Pursuant  to  an  assignment  by  Dr.  Forbes,  the  winter  of  1907- 
08  was  largely  spent  in  making  a  general  survey  of  insects  in¬ 
jurious  to  greenhouse  plants  in  Chicago  and  vicinity.  Since  then 
the  more  prominent  of  these  injurious  insects  have  been  studied, 
and  experiments  have  been  made  with  measures  for  their  control. 

Importance  oe  Floriculture  in  Illinois 

According  to  the  Census  of  1900  the  amount  invested  in  flori¬ 
culture  in  the  United  States  was  $52,075,558,  while  in  Illinois  it 
was  $4,626,4 66.  The  number  of  square  feet  of  glass  surface  in 
florists’  establishments  in  Illinois  (the  third  state  in  this  respect) 
was  8,414,541,  5,855,612  feet  being  in  Cook  county  alone.  The 
total  wholesale  value  of  the  floricultural  products  of  Illinois  (the 
fourth  state  in  this  particular)  was  $1,865,722,  and  the  retail 
value  could  hardly  be  estimated  at  less  than  $3,000,000.  Since 
1899,  the  year  this  census  was  taken,  this  industry  in  Illinois  has 
developed  enormously,  one  conservative  estimate  being  that  it  has 
more  than  doubled  in  the  past  nine  years.  At  the  present  time 
several  florists  in  the  vicinity  of  Chicago  have  from  1,000,000  to 
1,500,000  square  feet  of  glass  each.* 

The  expense  of  growing  flowers  under  glass  is.  much  greater 
than  that  of  any  other  kind  of  crop,  since  it  involves  a  large 
outlay — first  for  the  houses,  and  then  continually  for  labor,  fuel, 
water,  soil,  fertilizers,  etc.  Because  of  this,  very  intensive  methods 
of  culture  must  be  practiced  to  realize  a  fair  profit  from  the  in¬ 
vestment.  Insect  pests  are  one  of  the  greatest  drawbacks,  and 
the  losses  resulting  from  their  attacks  are  frequently  large.  For 
example,  it  is  estimated  that  two  Illinois  florists  lose  annually 

*At  the  fifty-fourth  annual  convention  of  the  Illinois  State  Horticultural 
Society  (see  Transactions  of  the  Society  for  1909,  page  139)  Mr.  H.  B. 
Dorner  said :  “Illinois  now  produces  more  flowers  than  any  other  state  in 
the  Union.  Within  the  borders  of  the  State  are  plant  houses  covering  an 
area  of  over  eighteen  million  square  feet,  or  over  three  hundred  and  sixty 
acres.” 
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about  $10,000  from  the  attacks  of  the  rose  midge  ( Neocerata 
rhodophaga )  ;  and  when  we  think  of  the  large  number  of  other 
insect  enemies  of  flowering  plants  which  are  present  annually  or 
at  irregular  intervals,  it  is  evident  that  the  control  of  noxious  in¬ 
sects  is  of  the  utmost  importance  to  the  florist. 

The  insects  found  most  injurious  to  flowering  and  ornamental 
plants  in  Illinois  greenhouses  are  discussed  in  the  following  pages*, 
together  with  a  number  of  other  troublesome  or  threatening  species. 
As  roses,  carnations,  and  chrysanthemums  are,  in  the  order  men¬ 
tioned,  the  three  largest  crops  of  the  Illinois  florist,  their  insect 
enemies  have  demanded  special  attention.  Three  greenhouse  pests 
which  do  not  belong  to  the  class  Insecta  are  briefly  treated  at  the 
end  of  the  paper.  This  report  on  life  histories  and  remedies  is 
largely  based  on  investigations  and  experiments  undertaken  by 
the  office  of  the  State  Entomologist;  otherwise  it  is  compiled  from 
the  published  papers  of  other  entomologists. 

Cutworms 

Every  florist  is  familiar  with  cutworms,  which  are  usually  pres¬ 
ent  in  greenhouses,  where  they  cause  a  loss  of  many  thousands 
of  dollars  annually. 

The  carnation  is  one  of  the  favorite  foods  of  the  variegated 
cutworm,  our  commonest  greenhouse  species,  which  climbs  the 
stem  and  eats  into  the  flower-bud,  thus  spoiling  the  blossom. 
Chrysanthemums  are  also  thus  injured,  while  some  other  plants, 
sweet  peas,  for  example,  merely  lose  their  leaves.  Cutworms  are 
also  especially  fond  of  the  tender  shoots  of  smilax  and  greenhouse 
asparagus  ( Asparagus  plumosns ),  those  of  asparagus  being  eaten 
as  soon  as  they  appear  above  the  ground.  Other  flowering  plants 
are  sometimes  injured  by  them,  but  only  those  mentioned  above 
’  have  been  found  badly  damaged  in  Illinois.  Since  cutworms  are 
night  feeders,  they  may  be  found  by  day  in  the  soil  near  the  base 
of  the  plant.  With  but  a  single  exception,  all  the  cutworms  col¬ 
lected  in  the  greenhouses  at  Chicago  were  of  one  species — the 
variegated  cutworm  ( Pcridroma  margaritosa) . 

The  Varikgated  Cutworm 
Peridroma  margaritosa  Haw. 

(P.  saucia,  Agrotis  saucia) 

The  egg  (Eig.  i,  e)  from  which  this  cutworm  hatches,  is  about 
one  fiftieth  of  an  inch  in  diameter,  dome-shaped,  circular  in  trans¬ 
verse  section,  strongly  ribbed,  and,  when  first  deposited,  creamy 

*The  most  generally  troublesome  insect  pest  of  the  greenhouse,  the  onion 
thrips  (Thrifts  tabaci),  is  not  treated  here,  since  fit  was  "discussed  in  a  separate 
article  prepared  for  publication  elsewhere. 
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white  with  a  pearly  luster,  but  soon  changing  to  a  pinkish  tint, 
and  finally,  shortly  before  hatching,  to  lilac  or  darker.  A  single 
moth  may  lay  as  many  as  300  to  500  eggs,  or  even  more,  deposit¬ 
ing  them  in  masses  of  60  and  upwards  (Fig.  1,  /).  The  small 


Fig.  1.  Variegated  Cutworm,  Peridroma  margaritosa:  a,  adult; 
b,  larva,  side  view;  c,  same,  curled  up;  d,  dark-colored  larva,  seen 
from  above;  e,  single  egg;  f,  cluster  of  eggs  on  twig.  All  natural 
size  except  egg.  (U.  S.  Dept,  of  Agriculture.) 

larva,  hatching  from  the  egg  in  5  or  6  days,  first  eats  the  egg¬ 
shell  from  which  it  has  emerged,  and  then  begins  to  feed  on  the 
leaves  or  buds.  It  is  usually  active  only  at  night,  remaining 
hidden  during  the  day  in  the  earth,  or  under  boards  and  debris 
near  the  plant.  When  full  grown  (Fig.  1 ,  b,  c,  d)  it  is  about  an 
inch  and  a  half  long,  and  is  generally  dull  blackish-brown  mottled 
with  gray.  The  coloration  is  quite  variable,  however,  some  speci¬ 
mens  being, paler  and  others  a  little  darker.  A  distinctive  mark¬ 
ing  is  a  row  of  4  to  6  yellowish  spots  along  the  middle  of  the 
back.  In  25  to  30  days  the  cutworm,  now  full  grown,  goes  into 
the  ground,  forms  for  itself  an  oval  earthen  cell,  and  changes 
into  a  reddish  brown  pupa,  in  which  stage  it  remains  in  a  dormant 
condition  from  15  to  19  days.  The  moth  (Fig.  1,  a)  emerging 
from  this  pupa  is  brownish  with  black  mottling,  and  measures 
about  1^/4.  inches  across  the  wings.  It  lives  7  to  10  days,  re¬ 
maining  hidden  during  the  day  and  flying  about  at  night,  at  which 
time  the  eggs  are  deposited.  Thus  the  complete  life  cycle  re¬ 
quires  45  to  54  days — more  or  less,  according  to  temperature  and 
food. 
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NATURAL,  ENEMIES 

A  tachinid  fly  ( Archytcs  aterrima  Desv.*)  has  been  bred  by 
us  from  this  cutworm,  collected  in  Illinois  greenhouses.  Three 
other  species  of  tachinids  and  several  Hymenoptera  have  been  re¬ 
ported  as  parasitic  on  this  species.  According  to  our  observa¬ 
tions,  however,  none  of  these  are  of  much  importance. 


methods  of  control 

Poisoned  Baits. — Probably  the  most  effective  and  convenient 
preventive  of  cutworm  injury  in  greenhouses  is  a  poisoned  bait. 
In  an  asparagus  greenhouse  in  Chicago,  an  experiment  with  poi¬ 
soned  bran  and  poisoned  lettuce  leaves  gave  very  satisfactory  re¬ 
sults.  The  poisoned  bran  was  used  in  three  mixtures,  as  follows : 
white  arsenic,  bran,  and  molasses ;  Paris  green  and  bran  merely 
dampened ;  and  Paris  green  and  bran  thoroly  wet.  In  each  case 
a  small  quantity  of  the  mash  was  placed  in  a  pile  at  the  base  of 
alternate  plants.  The  lettuce  leaves  were  lightly  powdered  with 
Paris  green,  and  placed  on  the  beds  at  about  the  same  distance 
apart  as  the  piles  of  bran  mash.  The  bran  mixture  with  white 
arsenic  and  molasses  and  that  which  was  thoroly  wet  were  un¬ 
satisfactory;  but  the  Paris  green  and  moistened  bran — i  pound 
of  Paris  green  to  16  pounds  of  bran — and  the  poisoned  lettuce 
leaves  gave  excellent  results.  It  is  said  that  a  little  salt  added 
to  the  mash  increases  its  relish.  In  all  the  beds  left  untreated  the 
cutworms  continued  abundant,  and  the  new  shoots  were  kept  cut 
off  close  to  the  ground  notwithstanding  the  fact  that  two  to  four 
men  were  continually  at  work  carefully  searching  the  beds  and 
collecting  and  destroying  all  the  cutworms  they  could  find.  In 
the  beds  treated  with  the  two  satisfactory  baits  mentioned,  only 
here  and  there  a  stalk  was  afterwards  cut  off,  and  plants  which 
had  previously  been  cut  down  by  the  cutworms  nevertheless  grew 
to  their  natural  size  and  beauty.  In  short,  the  contrast  between  the 
treated  and  untreated  beds  was  remarkable. 

Clover  also  may  be  poisoned  and  used  as  a  bait.  Small  patches 
of  it,  first  sprayed  with  Paris  green  in  water,  are  cut  and  the 
plants  are  scattered  over  the  benches,  as  are  the  poisoned  lettuce 
leaves. 

Sod  soil,  which  is  the  kind  in  general  use  by  the  florists  of 
Chicago,  is  very  likely  to  contain  cutworms.  Such  a  soil,  before 
placing  it  in  the  benches,  should  be  cleared  of  cutworms,  either  by 
using  the  poisoned  bran  mash  or,  better,  by  sterilization,  as  de¬ 
scribed  under  another  head. 


^Determined  by  C.  A.  Hart. 
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Fig.  2.  Trap  lantern  for  adults  of  cutworm. 

Trap  Lanterns. — Trap  lanterns  (Fig.  2)  may  be  used  in  con¬ 
nection  with  the  foregoing  preventive  measures.  Since  cutworm 
moths  are  night  fliers  and  are  attracted  to  lights,  they  may  be 

collected  bv  means  of  tubs  over  each  of  which  a  lantern  is  sus- 
* 

pended,  and  each  containing  an  inch  or  two  of  water  upon  which 
a  little  kerosene  has  been  poured.  The  moths  flying  about  the 
light  fall  into  the  tub  and  are  killed  by  the  film  of  kerosene. 

Hand-picking. — Sometimes  cutworms  may  be  kept  down  by 
hand,  especially  in  small  houses  and  in  beds  of  carnations  and 
chrysanthemums.  If  looked  for  carefully  they  may  be  most  easily 
and  rapidly  captured  by  the  light  of  a  lantern  in  the  evening,  when 
they  are  feeding  on  the  plants.  They  may  also  be  found  in  day¬ 
time  hidden  in  the  earth  around  injured  plants.  This  method  is 
unsatisfactory,  however,  for  large  houses,  as  was  shown  in  the 
Chicago  greenhouse  mentioned  under  poisoned  baits  (page  86). 
No  appreciable  good  was  done  there  by  two  to  four  men  kept 
for  four  or  five  months  searching  the  soil  for  cutworms;  the 
plants  were  in  as  poor  condition  and  the  cutworms  were  as  numer¬ 
ous  at  the  end  of  the  season  as  at  its  beginning. 

Sterilization  of  the  Soil  zeith  Steam. — It  is  desirable  to  ster¬ 
ilize  soils,  especially  the  sod  soils,  which  are  likely  to  be  infested 
with  cutworms,  before  placing  them  in  the  benches.  This  method 
of  soil  treatment  was  apparently  first  used  in  1893,  by  Mr.  W. 
N.  Rudd,  of  Chicago*.  Since  then  much  has  been  written 

*Killing  Grubs  in  Soil.  American  Florist  (Chicago),  Vol.  TX,  Sept.  28, 
1893,  P-  i/i. 
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upon  the  subject,  to  the  general  effect  that  sterilization  with  steam 
is  a  satisfactory  method  of  ridding  the  soil  of  many  insect  pests, 
as  well  as  of  nematodes,  slugs,  etc. 

The  most  practical  and  economical  method  with  which  I  am 
acquainted  is  that  used  by  Mr.  J.  F.  Ammann,  of  Edwardsville, 
Ill.  His  sterilizing  bin,  made  of  rough  boards,  is  2  feet  high, 
10  feet  wide,  and  20  feet  long.  To  sterilize  soil  for  rose  houses 
Mr.  Ammann  first  puts  in  9  inches  of  earth,  then  3  inches  of  well- 
rotted  manure,  and  on  top  of  this  a  sprinkling  of  bone-meal.  Five 
“runs"  of  old  perforated  2-inch  pipes  are  then  laid  and  connected 
with  the  steam  pipes.  On  these,  again,  are  placed  9  inches  of 
earth,  3  inches  of  manure,  and  a  thin  covering  of  bone-meal.  The 
bone-meal  and  manure  are  of  course  unnecessary  to  the  process  of 
sterilization.  A  light  layer  of  earth,  sufficient  to  cover  the  bone- 
meal,  is  added,  and  a  potato  is  buried  in  the  dirt  at  each  end  and 
another  in  the  center.  The  bin  is  then  covered  with  a  tarpaulin, 
and  80  pounds  of  steam  turned  into  the  pipes  for  about  an  hour 
and  a  half,  or  until  the  potatoes  are  well  cooked.  Mr.  Ammann 
usually  sterilizes  his  soil  in  the  evening,  and  transfers  it  to  the 
benches  the  next  morning,  when  it  is  ready  for  planting. 


The  Southern  Fern-Cutworm 
C alio pistria  floridensis  Guen.* 

( Eriopus  floridensis) 

The  moth  of  this  cutworm  was  first  described  by  Guenee  in 
1852  as  Brio  pus  floridensis t,  from  a  single  male  collected  in  Flor¬ 
ida.  So  far  as  I  am  aware,  there  has  been,  heretofore,  no  sub¬ 
sequent  record  of  its  collectiont.  The  destructive  larva  was  first 
brought  to  my  attention  in  fern  houses  in  Chicago  in  the  fall  of 
1907.  Since  then  it  has  been  found  seriously  .damaging  ferns  in 
several  other  greenhouses  in  Chicago,  and  in  a  large  fern  house 
in  Illinois,  outside  of  Chicago. 

Nature  and  Extent  of  Injury. — The  larva  (Fig.  3)  is  a  vora¬ 
cious  feeder,  eating  not  only  the  young  and  tender  leaves  but  often 
the  older  ones  as  well,  and  sometimes  even  the  midribs.  Several 
larva?  on  a  plant  may  completely  strip  it  of  foliage  in  a  few  days. 
Ordinarily  the  fern  is  disfigured,  and  growth  prevented.  At  pres- 

*Determined  by  Dr.  H.  G.  Dyar. 

+“Histoire  Naturelle  des  Tnsectes;  Species  General  des  Lepidopteres.  par 
MM.  Boisduval  et  Guenee.  Tome  VI.  Noctuelites,  par  A.  Guenee,  Tome  II, 
pp.  292-293.  Paris.  1852. 

tSince  the  above  was  written  the  Bureau  of  Entomology  has  reported 
this  insect  as  damaging  ferns  in  greenhouses  in  Washington.  D.  C.  (See 
“Principal  Injurious  Insects  of  1908,”  U.  S.  Dept.  Agr.  Yearbook  for  1908, 
p.  578.  1909.) 


89 


ent  this  insect  is  not  very'  widely  distributed,  at  least  not  in  Illi¬ 
nois,  but  as  it  is  a  most  injurious  pest,  precautions  should  be 
taken  by  all  florists  to  prevent  its  becoming  established  in  their 
greenhouses.  It  may  easily  be  distributed  with  plants,  either  as 
eggs,  larvae,  or  pupae. 


Fig.  3.  Southern  Fern  -  Cutworm, 
Callopistria  fioridensis ,  twice  natural 
size. 


Life  History. — In  confinement  the  moths  deposit  the  eggs 
singly  on  the  under  surface  of  the  new  and  tender  leaflets.  Upon 
hatching,  the  young  larvae  feed  on  the  tenderer  leaves,  mostly  at 
night,  but  during  the  day,  when  the  older  larvae  usually  hide  in 
the  earth  at  the  base  of  the  plant,  they  may  often  be  found  lying 
along  the  midrib  on  the  upper  surface  of  the  fronds,  near  the 
base  of  the  stalk.  As  a  rule,  in  light  houses  most  of  the  cutworms 
hide  during  the  day  in  the  soil ;  but  in  dark  houses  both  the  young 
and  old  larvae  are  more  often  found  on  the  midrib  of  the  leaf, 
in  the  position  just  mentioned.  There  are  two  forms  of  larvae, 
one  pale  green  and  the  other  velvety  black.  The  green  one  has 
almost  exactly  the  .color  of  the  fern  fronds,  and  is  hence  quite 
inconspicuous.  The  black  form  is  comparatively  rare.  In  one 
instance  it  was  noticed  that  green  larvae,  upon  molting,  changed 
to  black.  They  had  been  placed  in  a  closed  tin  box  with  fern 
leaves,  and  upon  examination  some  days  later  several  were  vel- 
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vety  black  in  color,  evidently  having  molted  during  confinement. 
The  others,  placed  in  the  box  at  the  same  time,  remained  green 
thruout  the  larval  period.  In  about  ten  days  to  two  weeks  the  larvae 
reach  maturity  and  go  into  the  ground,  where  they  spin  a  thin 


Fig.  4.  Southern  Fern -Cutworm,  Callopistria 
floridensis ,  pupa,  seen  fnom  beneath.  Length  oue 
halt  to  four  fifths  inch. 


cocoon  and  pupate  in  two  or  three  days.  Larvae  which  were  kept 
in  boxes  without  earth,  spun  cocoons  with  leaves  in  the  corners 
of  the  box.  The  moths  emerge  about  12  to  14  days  after  pupa¬ 
tion.  They  are  night  fliers,  and  during  the  day  remain  hidden, 
usually  under  the  greenhouse  benches. 

In  Illinois  this  cutworm  has  been  found  only  in  greenhouses, 
where  it  continues  to  breed  thruout  the  year,  being  most  destruc¬ 
tive,  however,  during  the  summer  months.  In  fact,  from  Decem¬ 
ber  to  February  inclusive,  when  the  houses  are  much  cooler  than 
at  other  times  of  the  year,  it  does  little  or  no  damage.  The  num¬ 
ber  of  annual  generations  is  not  definitely  known,  but  there  are 
doubtless  several. 

Descriptive. — The  moth*  is  a  beautiful  insect,  with  a  variegated 
wing-pattern,  which  is  well  shown  in  the  accompanying  illustra¬ 
tion  (Fig.  5).  The  general  color  of  the  body  and  wings  is  brown. 


Fig.  5.  Southern  Fern-Cutworm,  Callo¬ 
pistria  jloridensis ,  adult.  Nearly  twice 
natural  size. 


Fig.  6.  Southern  Fern-Cutworm.  Callopistria  floridensis , 
antenna?  of  adults:  a,  female;  b,  male. 


There  is  a  dark  reddish-brown  triangular  patch  on  the  margin  of 
the  fore  wing,  and  at  its  center  and  along  the  outer  margin  are 
diagonal  lines  of  a  delicate  pinkish  white.  The  hind  wings  are 

^Colored  figure  of  male  is  given  in  W.  J.  Holland’s  “The  Moth  Book,” 
Plate  XXIX,  Fig.  61. 


91 


of  a  uniform  brown  color  except  that  it  is  lighter  near  the  base 
than  elsewhere. 

The  immature  larva,  when  about  a  fourth  grown,  is  pea-green 
in  general  color;  when  about  half  grown,  or  23  mm.  long,  it  is 
olive-green.  There  are  two  types  of  the  full-grown  caterpillars 
(Fig.  3),  one  apple-green  and  the  other  velvety  black,  the  former 
predominating.  The  head  is  pale  green ;  the  body  smooth,  apple- 
green,  with  median  and  dorso-lateral  longitudinal  lines  of  a  deeper 
green,  and  two  or  more  less  conspicuous  fine,  wavy,  whitish, 
longitudinal  lines  on  each  side  of  the  dorso-median.  The  stig- 
matal  line  and  a  number  of  small  tubercular  spots  and  dashes  on 
the  dorsal  surface  are  velvety  black.  The  other  type  does  not 
differ  from  the  above  excepting  that  the  head  is  brown  and  the 
body  velvety  black  with  five  wavy,  whitish,  longitudinal  lines  in 
the  dorsal  region.  Length,  1^5  inches. 

The  pupa  (Fig.  4),  which  is  formed  under  ground  within  an 
oval  cocoon  composed  of  earth  and  silken  threads,  is  not  unlike 
that  of  the  commoner  cutworms.  It  is  1/2  to  4/5  inch  long,  and 
shining  reddish-brown. 

The  egg  is  circular  in  section,  about  1/50  of  an  inch  in  di¬ 
ameter,  slightly  flattened,  ribbed  longitudinally  and  transversely, 
and  is  pale  greenish  with  a  faint  yellowish  tint,  much  resembling 
the  color  of  the  new  fern  fronds. 

Remedies. — Arsenical  poisons  applied  to  ferns  in  sufficient 
strength  to  kill  the  cutworms  eating  them  discolor  the  fronds, 
and  are  further  likely  to  adhere  to  the  surface  in  a  way  to  make 
it  somewhat  dangerous  to  handle  and  use  them ;  but  poisoned  baits 
distributed  over  the  benches  would  probably  be  found  as  useful 
against  these  caterpillars  as  against  other  cutworms.  Fresh  pyre- 
thrum,  two  and  a  half  ounces  of  the  powder  to  five  gallons  of 
water,  may  be  sprayed  on  the  ferns,  and  light  traps  may  be  used 
at  night  to  destroy  the  moths.  Both  have  been  used,  indeed,  with 
at  least  fairly  satisfactory  results.  Nicotine  preparations  are  said 
to  be  effective  against  the  cutworms.  We  have  made  no  trial  of 
them  in  this  connection.  As  these  insecticides  kill  by  contact,  they 
should  be  applied  in  the  evening,  when  the  cutworms  are  exposed. 

The:  Rose,  or  Obuoue-banded,  Leae-rollEr 
Ar chips  rosaceana  Harr. 

( Cacoccia  rosaceana ) 

There  is  hardly  a  florist  who  has  not  at  some  time  been  troub¬ 
led  with  the  rose  leaf-roller.  During  the  year  1908  it  was  in¬ 
jurious  to  roses  in  at  least  three  widely  separated  localities  in 
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Fig.  7.  Rose  Leaf-roller,  Ar chips  rosaceava;  injury  to  rosebuds  by  larvae,  and  one  larva  at  work. 


Fig.  8.  Rose  Leaf-roller,  Ar  chips  rosaceana ;  rose 
leaves  rolled  up  by  larvae  and  leaves  and  buds  in¬ 
jured. 
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Illinois,  and  has  been  found  in  a  majority  of  the  greenhouses  of 
the  state,  tho  not  always  in  sufficient  numbers  to  damage  the  crops 
seriously.  Its  worst  injury  is  the  eating  of  the  flower-buds  (Fig. 
7).  It  feeds  at  first,  however,  on  the  parenchyma  of  the  leaf, 
concealing  itself  by  folding  the  leaf  or  by  tying  several  leaves  to¬ 
gether  with  fine  silken  threads  (Fig.  8). 

Besides  the  rose  it  often  injures  apple  and  many  other  plants 
of  the  rose  family,  as  well  as  aster,  carnation,  clover,  gooseberry, 
currant,  cotton,  etc. 


LIFE  HISTORY 

The  yellowish  green  eggs  are  laid  in  compact  masses  of  35  or 
more  on  the  upper  surface  of  the  leaves  (Fig.  9,  10).  The  young 
larvae  feed  on  the  leaf  tissues  at  first,  but  later  may  eat  the  flower 
petals,  and  often  eat  into  the  center  of  the  bud.  When  fully 
grown  (Fig.  11)  they  pupate  within  a  folded  leaf  or  in  the  bud, 
and  two  or  three  weeks  later  emerge  as  adult  moths,  which  usually 
remain  concealed  during  the  day,  and  become  active  at  night.  They 
deposit  eggs  on  the  leaves  for  a  second  generation,  and  soon  after- 


Fig.  9.  Rose  Leaf-roller,  Archips  rosaceana;  two  egg-masses  on  rose 
leaves. 
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wards  die.  From  specimens  collected  in  a  greenhouse  at  Bloom¬ 
ington,  Ill.,  January  24,  1908,  and  received  from  Mr.  A.  C.  Beal, 
I  was  able  to  obtain  complete  notes  on  many  parts  of  the  life 
history,  the  breeding  work  being  carried  on  in  a  greenhouse  kept 
at  about  the  same  temperature  as  are  rose  houses  in  winter. 

The  larvae  pupated  at  various  intervals  from  January  24  to 
February  27,  and  the  adults  emerged  within  13  to  20  days,  the 
exact  record  for  all  being  given  in  the  following  table. 


Date  of 
pupation 

Date  of  * 
emergence  of 
adult 

Length  of 
pupal  stage 

January  31 

6  6  6  6 

February  15 

15  days 

“  20 

20  “ 

6  6  66 

“  20 

20  “ 

February  4 

“  23 

19  “ 

Feb.  11-12 

“  28' 

16  or  17  “ 

“  18-20 

March  8 

17  or  19  “ 

“  21-22 

“  9 

16  or  17  “ 

“  23-24 

“  8 

13  or  14  “ 

6 6  66  66 

“  8 

13  or  14  “ 

“  27 

“  11 

13  “ 

Two  males  and  two  females  which  emerged  March  8  and  9 
were  confined  with  a  rose  plant,  and  altho  careful  and  almost  con¬ 
tinual  watch  was  kept,  the  moths  were  not  seen  in  copula  until 
8:25  p.  m.  March  10.  Subsequent  observation  showed  that  copu¬ 
lation  takes  place  only  at  night,  and  that  pairs  may  remain  in 
coitu  thruout  the  night,  but  never  later  than  sunrise.  Egg-laying 
began  the  following  afternoon.  The  eggs,  in  masses  of  35  to  262, 
were  placed  on  the  upper  surface  of  the  rose  leaves,  along  the 
depressions  of  the  principal  leaf-veins,  each  moth  laying  several 
masses. 

About  ten  seconds  are  required  for  the  deposition  of  each  egg. 
and  all  operations  in  connection  with  it  are  quite  regular  and 
systematic.  The  eggs  are  laid  from  right  to  left,  or  vice  versa, 
and  downward.  Accompanying  each  egg  is  a  sticky  fluid  which 
glues  it  to  the  leaf,  and  the  female  gives  the  egg-mass  a  surface 
coat  of  the  same  fluid  by  moving  the  ovipositor  back  and  forth 
over  it.  When  first  laid  the  eggs  are  bright  lemon-vellow,  but  being 
translucent  the  color  of  the  leaf  shows  thru  them.  The  embryos 
of  the  larv?e  may  he  seen  as  clear  colorless  bodies  thru  the  es:2f- 
shells  within  twenty-four  hours  after  oviposition,  and  the  mass 
darkens,  becoming  nearly  gamboge.  Within  9  or  10  days  the 
eye-spots  appear,  and  a  day  later  the  eyes  and  head  change  to 
blackish,  and  segmentation  is  plainly  visible.  The  larvae  hatch  in 
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Egg-Laying  Record 


Date  of 
emer¬ 
gence 
of 

moth 

Date 

of 

copu¬ 

lation 

Date 

of 

first 

eg 'g- 

laying 

Dates 

egg- 

masses 

were 

laid 

No.  of 
eggs 
in 

each 

mass 

• 

Total 

No. 

eggs 

laid 

Total 
eggs  in 
dead 
body  of 
female 

Entire 

total 

of 

eggs 

Date 

of 

death 

of 

moth 

Mar.  3 
1908 

Mar.  10 

(eve) 

Mar.  11 
(p.m.) 

Mar.  11 
“  11 

“  13 

“  15 

60 

47 

85 

105 

297 

296 

593 

Mar.  18 

Mar.  8 

1908 

1 

Mar.  10 
(eve) 
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ii  y2  to  13  days  after  the  eggs  are  deposited.  They  are  quite 
active  from  the  first,  and  upon  being  disturbed  drop  from  the  leaf, 
suspending  themselves  by  delicate  threads.  They  feed  preferably 
on  the  lower  surface  of  the  leaf,  and  usually  along  the  principal 
leaf-vein.  Later  they  may  eat  the  entire  leaf  or  the  buds  and 
flowers. 


Fig.  10.  Rose  Leaf-roller,  Arcliips 
rosaceana;  part  of  egg-mass  highly 
magnified. 


DESCRIPTIONS 

Egg  (Fig.  9,  10). — The  eggs  are  oval,  measuring  .5  mm.  in 
width  and  1.0  mm.  in  length.  They  are  lemon-yellow  when  first 
laid,  later  changing  to  gamboge,  the  mass,  on  the  leaf,  having  a 
greenish  tint  due  to  the  translucency  of  the  eggs.  With  a  hand 
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lens  the  eggs  appear  to  be  covered  with  a  netlike  sculpture,  which 
with  a  2/3  objective  is  shown  to  be  composed  of  fine  polygonal 
areas  (4-,  5-,  and  6-sided)  which  are  very  irregular  in  shape. 
In  the  center  of  the  mass,  where  the  eggs  are  crowded,  they  have 
a  more  or  less  rounded  outline  as  seen  from  above.  The  egg- 
masses  vary  in  shape  and  size,  some  being  long  and  narrow,  ex¬ 
tending  the  entire  length  of  the  leaflet  along  the  midrib,  and  others 
being  oval,  rounded,  or  irregular  in  form. 

Young  Larva. — Recently  hatched  larvae  are  pale  greenish  yel¬ 
low  excepting  the  head  and  eyes,  which  are  blackish.  They  are 
1.5  mm.  in  length. 

Mature  Larva  (Fig.  11). — Head  and  prothoracic  shield  pale 
brown,  the  upper  surface  of  the  remainder  of  the  body  olive-green 
with  a  darker  dorso-median  line  and  a  number  of  definitelv  ar- 

j 

ranged  whitish  spots  on  each  segment,  each  spot  bearing  one  long 
fine  hair,  or  more.  The  under  surface  of  the  bodv  is  a  uniform 
greenish  yellow.  Length,  3/4 — 7/8  inch. 


Fig.  11,  Rose  Leaf-roller,  Archips  rosaceatia,  larva, 
seen  from  side  and  above.  Length  when  full  grown 
three  fourths  to  seven  eighths  inch. 


Pupa. — The  pupa  is  dark  brown,  elongate,  rounded  at  the 
anterior  and  pointed  at  the  posterior  end.  At  the  extreme  tip 
are  four  small  curved  spines,  originating  individually  from  a  cen¬ 
tral  point;  and  just  anterior  to  these,  projecting  caudad  as  do  the 
others,  are  three  similar  spines,  each  originating  individually, 
one  on  the  dorsal  surface  and  the  remaining  two  on  the  lateral 
surfaces.  Length,  7/16 — 9/16  inch. 

Adult  (Fig.  12). — The  adult  moth  is  light  brownish  in  general 
color.  The  fore  wings  are  obliquely  crossed  with  three  more  or 
less  distinct,  broad,  darker  brown  bands.  The  one  near  the  base 
is  often  absent,  the  second  one  crosses  the  wing  near  the  middle, 
and  the  third,  which  is  broad  at  the  front  and  narrow  behind,  is 
near,  or  extends  to,  the  outer  margin.  The  basal  part  of  the  hind 
wings — the  folded  part  next  to  the  body — is  blackish,  and  the 
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remainder  of  the  upper  surface  yellowish  orange.  The  under  side 
of  the  body  and  wings  is  uniformly  yellowish  orange.  The  wing 
expanse  varies  from  to  ij4  inches. 


Fig.  12.  Rose  Leaf-roller,  Ar chips  rosa- 
ceana,  adult.  About  twice  natural  size. 


natural  ENEMIES 

A  number  of  dipterous  and  hymenopterous  parasites  have  been 
bred  from  the  several  stages  of  A.  rosaccana  which  I  collected  in 
greenhouses  in  Chicago  and  Edwardsville  in  the  summer  of  1908. 

The  minute  omnivorous  egg-parasite,  Tricho gramma  prctiosa 
Riley*,  was  very  common  in  the  greenhouses  at  Edwardsville,  the 
eggs  when  parasitized  changing  to  a  characteristic  blackish  color. 
From  larvae,  three  hymenopterous  parasites  were  bred,  namely, 
Micro gaster ,  sp.f,  C halcis  ovata  Say*,  and  Spilochalcis  torvina 
Cressontt;  and  a  single  species  of  Tachina  fly,  Bxorista  pyste 
Walk.t,  were  bred  from  pupae. 

remedies 

Arsenical  Sprays. — The  rose  houses  of  Mr.  J.  E.  Ammann,  at 
Edwardsville,  Ill.,  were  found  July  18,  1908,  to  be  badly  infested 
with  leaf-rollers,  and  much  damage  was  being  done.  In  the  houses 
containing  the  older  plants  it  was  found  impossible  to  spray 
properly  because  of  the  mass  of  branches  and  the  difficulty  of 
thoroly  wetting  the  foliage.  In  another  house,  containing  small 
rose  stock,  the  plants  were  sprayed  with  arsenate  of  lead.  In  a 
letter  dated  October  3,  Mr.  Ammann  writes  :  “I  can  not  find  a 
leaf -roller  on  the  place.  In  fact  have  had  none  for  a  month  or 
more.  The  last  spraying  with  arsenate  of  lead  we  did  about  6 
or  8  weeks  ago.  Of  course  we  continually  hand-picked  in  addi¬ 
tion  to  the  spraying,  but  I  and  my  foreman  both  believe  that  the 
lead  did  the  work.  While  it  did  not  kill  the  rollers  off  at  once, 
we  believe  that  after  all  the  leaves  were  covered  with  the  lead 
the  young  could  find. nothing  to  eat  without  a  mixture  of  lead  on 
it,  and  they  got  their  medicine  at  once.” 


*Determined  by  A.  A.  Girault. 
f Determined  by  C.  T.  Rrues. 
f Determined  by  C.  A.  Hart. 
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We  have  since  received  equally  positive  testimonials  from  other 
Illinois  florists  as  to  the  value  of  arsenate  of  lead  against  this 
leaf-roller.  It  has  been  found  that  the  lead  must  be  strictly  fresh 
(preferably  direct  from  the  manufacturer)  or  it  will  not  adhere 
well  to  the  foliage,  especially  not  to  the  newer  leaves.  Also  the 
spraying  should  begin  when  the  plants  are  set  out,  for  later, 
when  the  infestation  is  severe  and  the  buds  are  involved,  it  is 
difficult  to  spray  effectively. 

Light  Traps. — This  method  of  destroying  the  moths  has  been 
used  with  success  by  several  growers.  It  is  described  on  page  87. 

Hand-picking. — Altho  laborious,  this  method  is  often  one  of 
the  best,  especially  when  there  is  only  a  slight  infestation,  or  when 
the  bushes  are  so  thick  and  the  foliage  so  dense  that  it  is  impossi¬ 
ble  to  spray  thoroly. 

Fumigation. — Fumigation  with  tobacco  and  hydrocyanic  acid 
gas  has  been  recommended  by  various  entomologists  for  the  leaf- 
roller,  but  recent  experiments  conducted  by  Sanderson  and  Jack- 
son  in  New  Hampshire*  indicate  the  inefficiency  of  these  fumi¬ 
gants  against  this  insect. 

The  Greenhouse  Feae-tier 
Phlyctccnia  ferrugalis  Hiibn. 

(P.  rubigalis) 

Probably  the  most  troublesome  and  widely  distributed  enemy 
of  chrysanthemums  in  the  vicinity  of  Chicago  is  the  chrysanthe¬ 
mum,  or  greenhouse,  leaf-tier.  It  usually  injures  the  foliage  by 
feeding  on  the  lower  tissue  of  the  leaf,  but  sometimes  it  eats 
the  upper  tissue,  and  often,  when  nearly  full  grown,  devours  the 
leaf  entirely.  (Fig.  13.)  Asa  rule  the  larva  ties  two  or  more  leaves 
together,  but  it  sometimes  folds  over  the  edge  of  a  single  leaf,  or 
it  may  spin  a  thin  silken  web  over  the  under  surface,  feeding  be¬ 
neath  it.  The  injury  does  not  so  much  consist  in  the  weakening 
of  the  plant  as  in  a  disfigurement  of  its  leaves,  which  greatly 
diminishes  its  market  value. 

The  adult  of  this  larva  is  a  pale-brownish  moth,  with  a  wing 
expanse  of  about  Y\  inch.  The  characteristic  wing-pattern  is 
shown  in  the  accompanying  illustration  (Fig.  14,  A).  The  moth 
is  a  night-flier,  resting  during  the  day  on  the  under  side  of  the 
lower  leaves,  beneath  the  benches,  or  in  other  places  of  conceal¬ 
ment.  Its  resting  position  is  shown  in  Figure  41,.  B  The  eggs  are 
deposited  on  the  under  side  of  the  leaves  in  groups  of  2  to  12,  or 

*The  Oblique-Banded  Leafroller  (Archies  rosaceana  Harr.).  Journ. 
Econom.  Ent.,  Vol.  II,  No.  6  (Dec.,  1909),  pp.  391-403.  4  pi. 
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more.  The  individual  egg  is  whitish  translucent,  apparently  green- 
•ish  when  on  the  leaf.  The  larva  hatches  in  about  io  or  12  days, 
and  pupates  1 5  to  20  days  later,  eating  the  leaves  continuously,  and 
going  from  one  leaf  to  another  as  a  fresh  supply  of  food  is  re¬ 
quired.  When  full  grown  (Fig.  14,  C)  it  is  three  fourths  of  an 


Fig.  13.  Leaves  injured  by  Greenhouse  Leaf-tier,  PhlycttEniu 
ferrugalis. 

inch  long,  green  or  greenish  yellow  and  slightly  translucent  (less 
so  than  when  young),  with  a  darker  green  line  along  the  center 
of  the  back  and  a  subdorsal  double  line  of  white  each  side.  It 
pupates  between  two  leaves  or  parts  of  the  same  leaf  folded  to¬ 
gether  (see  Fig.  14,  D)  and  emerges  as  an  adult  moth  about  a 
week  later. 


Fig.  14.  Greenhouse  Leaf-tier,  Phlyctcenia  ferrugalis .  A 
adult  with  wing's  spread;  B,  same  at  rest,  wing's  closed;  C,  larval 
V  pupa.  About  twice  natural  size.  (G.  C.  Davis.) 
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In  the  greenhouse  this  insect  may  breed  thrnout  the  year,  but 
as  a  rule  it  is  not  to  be  found  during  the  winter  months,  when 
temperatures  in  the  greenhouses  are  decidedly  cooler  than  at  other 
seasons.  In  the  Chicago  greenhouses  I  first  found  the  leaf-tiers 
on  the  small  plants  in  the  latter  part  of  April,  but  they  do  not  be¬ 
gin  to  be  noticeably  injurious  until  some  months  later. 

This  leaf-tier  is  found  in  all  parts  of  the  United  States,  and 
altho  it  feeds  on  outdoor  plants  to  a  slight  extent,  it  is  essentially 
a  greenhouse  pest. 

Among  the  more  important  greenhouse  plants  on  which  it  has 
been  bred,  are  Ageratum ,  Geranium ,  violet,  dahlias,  chrysanthe¬ 
mums,  carnations,  Cineraria ,  Begonia ,  rose,  Pelargonium ,  and 
spearmint.  The  chrysanthemum  and  hothouse  spearmint  are, 
however,  the  only  plants  which  I  have  found  badly  injured  by  it. 
In  one  greenhouse,  containing  several  varieties  of  chrysanthemums, 
it  seemed  decidedly  to  prefer  the  Major  Bonnaffon  and  the 
Rosiere,  while  the  Timothy  Eaton  and  the  Yellow  Eaton,  which 
were  growing  between  the  benches  of  these,  were  but  very  slightly 
infested. 

Natural  Enemies. — A  hymenopterous  parasite  of  this  leaf-tier 
was  common  in  the  greenhouses  in  Chicago,  and  no  doubt  in  many 
of  them  it  was  doing  much  to  hold  the  leaf-tier  in  check.  The. 
species  was  determined  by  Mr.  Chas.  T.  Brues  as  Apanteles 
glomeratus  Linn.  A  tachinid  fly  bred  from  this  leaf-tier  was 
determined  by  Mr.  C.  A.  Hart,  as  Phorocera  parva  Bigot. 

Remedies. — To  deal  effectively  with  this  insect,  the  grower 
must  be  on  the  watch  for  its  first  appearance,  in  April  or  May; 
or,  if  it  has  previously  infested  the  house,  it  is  better  to  commence 
spraying  as  soon  as  the  chrysanthemums  are  well  started.  The 
larvae  are  then  comparatively  few,  and  the  killing  of  one  is  equiva¬ 
lent  to  the  destruction  of  dozens  at  a  later  time.  Treatment  of 
the  plants  is  easier  then  than  afterwards,  and  requires  less  time 
and  material.  Of  the  various  poisons  that  may  be  used  arsenate 
of  lead  is  to  be  preferred,  as  it  does  not  injure  the  chrysanthemum 
leaves,  and  remains  on  them  much  longer  than  Paris  green  sprays. 
The  under  side  of  the  leaves  must  be  thorolv  sprayed,  as  it  is 
there  that  the  larva  is  usuallv  to  be  found.  Care  should  be  taken 
to  get  a  standard  brand  of  arsenate  of  lead,  such  as  Bowker’s 
“Disparene”  or  Swift’s  or  Grasselli’s  arsenate. 

Light  traps  and  hand-picking,  recommended  for  the  leaf-roller, 
(page  98)  are  equally  effective  against  the  leaf-tier. 
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The  Diamond-back  Moth 
Pliitella  maculipennis  Curt. 

(P.  crucifer  arum,  Cero  stoma  brassicella ) 

The  small  green  larva  of  the  diamond-back  moth  (Pliitella 
maculipennis)  was  found  in  1909  destroying  stock  and  sweet 
alyssum  in  several  Illinois  greenhouses,  where  it  has  been  known 
as  a  serious  pest  for  several  years.  It  riddles  the  leave  with  holes, 
killing  small  plants  outright,  and  greatly  disfiguring  and  weaken¬ 
ing  the  larger  ones. 

This  insect,  originally  imported  from  Europe  but  now  of 
world-wide  distribution,  has  been  known  in  Illinois  for  years  as 
a  pest  of  cabbage  and  related  crops.  It  was  in  1883  that  Dr.  C.  V. 
Riley*  first  found  it  attacking  wallflower  (Cheiranthus  cheiri )  and 
stock  (Matthiola  annua)  in  greenhouses,  and  in  1890  that  Dr. 
James  Fletcherf  noted  it  as  a  troublesome  pest  of  garden  stocks 
and  wallflowers  in  Canada.  In  1906,  Miss  Edith  M.  Patcht  re¬ 
ported  its  occurrence  in  a  greenhouse  at  Ellsworth,  Maine,  where 
stocks  were  greatly  damaged. 

The  abundance  of  this  insect  in  greenhouses  has  no  doubt  been 
entirely  due  to  the  growing  of  cabbages  in  the  vicinity  of  the 
houses.  In  the  fall  of  1909  Mr.  Hild,  one  of  the  florists  troubled 
with  this  pest,  destroyed,  at  our  suggestion,  all  of  the  cabbages 
growing  around  his  houses,  and  he  has  since  had  practically  no 
trouble  from  this  pest. 

The  slender  light  green  larva  (Fig.  15,  a,  b,  c)  measures  less 
than  two  fifths  of  an  inch  when  full  grown.  For  a  short  time 
after  hatching  it  mines  between  the  upper  and  lower  surfaces  of 
the  leaf,  being  entirely  concealed,  but  it  soon  begins  to  feed  fully 
exposed  on  the  lower  leaf-surface,  and  gradually  riddles  the  leaf. 
If  the  worms  are  abundant  the  plants  may  be  completely  de¬ 
foliated,  especially  in  the  case  of  stocks  and  sweet  alyssum.  They 
are  very  active,  wriggling  away  when  disturbed,  and  usually  drop¬ 
ping,  suspending  themselves  from  the  leaf  by  a  single  silken 
thread.  When  full  grown  the  larva  makes  a  thin,  lacelike  cocoon 
(Fig.  15,  e)  on  the  under  side  of  the  leaf,  on  the  stem,  near  its 
base,  or  in  any  convenient  place  of  concealment,  and  in  this  it 
changes  to  the  pupa  (Fig.  15,  d,  i),  which  may  be  seen  within 
the  cocoon  as  a  pale  green  or  brownish  spindle-shaped  object. 

^Report  of  the  Entomologist.  Ann.  Rep.  [U.  S.]  Comm.  Agr.,  1883,  pp. 
1 29- 1 30. 

tReport  of  the  Entomologist  and  Botanist.  Ann.  Rep.  Exp’t’l  Farms, 
Canada,  1890,  p.  165. 

flnsect  Notes  for  1906.  Bull.  Me.  Agr.  Exper.  Station,  No.  134  (Dec., 
1906),  pp.  223-224. 
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The  delicate  moth  emerging,  is  about  a  fourth  of  an  inch  in 
length,  and  the  wing  expanse  is  three  fourths  of  an  inch.  The 
wing-pattern  is  quite  variable,  but  the  typical  markings  are  shown 
in  the  accompanying  figures  (Fig.  15,  /,  g,  h).  Soon  after  emer¬ 
gence,  usually  the  night  after,  the  moths  mate,  and  numbers  of 
minute,  round,  yellowish  eggs  are  deposited  singly  on  the  lower 


Fig.  15.  Diamond-back  Moth,  Plutella  ntaculi- 
■bennis;  a ,  larva;  b,  one  segment  of  same,  more  en¬ 
larged,  as  seen  from  above;  c ,  same,  side  view;  d, 
pupa;  e,  pupa  in  lacelike  cocoon;  /,  adult;  g ,  right 
wings  of  dark  variety  of  same;  h,  adult  at  rest,  with 
wings  folded; /,  tip  of  pupa.  Enlarged  as  indicated. 

(U.  S.  Dept,  of  Agriculture.) 

or  upper  leaf  surface  or  on  the  stalk  near  its  base,  usually  on  the 
stalk.  Being  translucent,  the  eggs  take  on  the  greenish  color  of 
the  plant  tissue,  and  are  easily  overlooked. 

Our  breeding  experiments  during  July  gave  us  the  following 
results  as  to  the  length  of  the  various  stages.  The  eggs  hatched 
4j4  to  6  (average,  5)  days  after  being  deposited.  The  larval 
stage  lasted  from  10  to  14  days,  with  an  average  of  a  little  less 
than  1 1  days.  The  pupal  period  varied  more  in  length  than  the 
other  stages,  its  maximum,  minimum,  and  average  duration  be¬ 
ing  respectively  8,  4,  and  5  J4  days.  Thus,  under  what  may  be 
regarded  as  optimum  conditions,  the  maximum,  minimum,  and 
average  lengths  of  the  life  cycle  were  respectively  28,  18 p?,  and 
2il/2  days. 

Natural  Enemies. — A  small  ichneumonid  parasite,  probably 
Limneria  tibiator  Cr.,  was  of  great  value  in  holding  the  Plutella 
in  check,  fifty  or  seventy-five  percent  being  usually  infested  by  it. 
The  parasite  deposits  its  eggs  on  the  Plutella  larva,  but  not  until 
after  the  latter  has  made  its  cocoon  does  the  parasitic  larva  kill 
and  devour  the  green  worm.  Its  own  oval  cocoon  is  made  within 
that  of  its  host. 

One  florist  reports  that  early  in  the  fall,  humming-birds  en¬ 
tered  his  greenhouses  and  caught  thousands  of  the  Plutella  larvae. 

Remedial  Measures. — Clean  culture — in  this  case  preventing 
the  growth  of  cruciferous  weeds  around  greenhouses  and  the 
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early  cutting  of  cabbage  and  destruction  of  the  cabbage  stumps 
in  the  immediate  vicinity — is  probably  the  most  important  eco¬ 
nomic  measure.  In  fact  it  is  best,  when  possible,  to  grow  no 
cabbage,  cauliflower,  rape,  or  turnips  near  greenhouses  in  which 
stock  or  sweet  alyssum  is  to  be  grown. 

Infested  plants  should  be  thoroly  sprayed  with  arsenate  of 
lead  at  the  rate  of  i  pound  to  18  gallons  of  water*,  especial  care 
being  taken  to  reach  the  under  surface  of  the  leaves.  It  is  hardly 
necessary  to  say  that  the  sooner  the  spraying  is  done  the  more 
thoroly  will  the  worms  be  eradicated.  Usually  the  plants  are 
small  when  first  attacked,  and  arsenate  of  lead  is  recommended 
for  them;  but  if  the  plants  are  in  bloom,  a  decoction  of  fresh 
py rethrum,  or  insect  powder,  one  ounce  to  two  gallons  of  water, 
should  be  used.  In  addition  to  measures  against  the  larvae,  large 
numbers  of  the  moths  may  be  destroyed  by  the  use  of  light  traps, 
described  on  page  87.  In  regard  to  the  use  of  lights,  Mr.  Hild 
wrote  me  as  follows :  “In  the  latter  part  of  September  we  placed 
candles  in  the  greenhouses  at  night  alongside  of  a  pie-plate  con¬ 
taining  a  little  kerosene  oil.  This  seemed  to  be  the  most  effective 
remedy  we  used.  In  a  week  we  caught  thousands  of  the  moths, 
but  the  nights  suddenly  got  cool  and  the  moths  were  dormant, 
so  this  method  was  not  then  so  successful.” 

Where  only  a  few  plants  are  infested,  hand-picking  is  an  effec¬ 
tive  remedy;  but  in  commercial  greenhouses  this  method  is  tedious 
and  expensive. . 

The  Alternanthera  Worm 
Hymenia  perspcctalis  Hiibn. 

( Spolodca  perspcctalis ) 

During  the  year  19TO  a  number  of  complaints*  were  re¬ 
ceived  from  florists,  stating  that  a  small  green  worm — which 
proved  in  one  case  to  be  the  larva  of  a  moth  ( Hymenia  per¬ 
spectalis) — was  eating  the  foliage  of  the  variegated  border  plant 
(Alternanthera) .  This  larva  feeds  on  'the  leaves,  and  if  numer¬ 
ous  enough  to  attract  attention  usually  defoliates  the  plant  re¬ 
peatedly  (Fig.  16)  as  new  shoots  and  leaves  put  forth,  thus 
ruining  it  for  ornamental  purposes,  necessarily  weakening  it,  and 
not  infrequently  killing  it.  Certain  garden  varieties  are  more 
susceptible  to  injury  than  others.  For  example,  A.  paronychioides 
major  is  most  generally  attacked,  and  next  in  favor  are  rosea 
nana ,  versicolor ,  and  anrea  nana ,  the  order  of  mention  indicating 
their  relative  susceptibility  to  this  injury.  The  last,  anrea  nana, 

*In  only  one  case  did  we  obtain  specimens  for  the  identification  of  the 
species. 
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is  only  occasionally  damaged.  The  larva  is  said  to  be  destructive 
during  the  summer  to  Alternanthera  out-of-doors,  but  our  own 
observations  of  its  work  have  necessarily  been  confined  to  green¬ 
houses,  as  we  received  no  notification  of  its  injuries  until  outdoor 
Alternanthera  had  been  killed  by  frost. 


Fig.  16.  Two  Alternanthera  plants,  one  at  left  in  normal  condition,  the  other 
defoliated  by  larvae  of  the  Alternanthera  Worm,  Hymenia yersfectalis. 


This  insect  seems  to  be  generally  distributed  thruout  the 
United  States,  but  so  far  as  we  have  been  able  to  learn  it  has 
not  heretofore  been  known  to  be  of  economic  importance,  at  least 
not  in  this  country.  In  Guenee’s  account  of  the  species*,  a  copy 
of  which  was  kindly  sent  me  by  Mr.  August  Busck,  the  larva  is 
noted  as  feeding  on  Lilium  canadense. 

In  early  October  the  potted  Alternanthera  plants  in  the  green¬ 
house  were  generally  infested,  and  the  brownish  moth,  with  a 
wing  expanse  of  about  an  inch,  was  rather  abundant,  flying  about 
the  houses  on  sunny  days,  but  in  cloudy  weather  concealing  itself 
in  corners,  under  the  benches,  or  among  the  plants.  They  are 
attracted  to  lights  at  night  to  a  certain  extent.  The  female  lays 
its  eggs,  flat  and  singly,  on  the  stent  of  the  plant  near  the  base. 
The  egg  (Fig.  17),  oval,  .57  mm.  by  .82  nun.,  and  transparent 
pale  green,  is  quite  inconspicuous  on  the  plant.  Its  surface  is 
slightly  convex  and  covered  with  microscopical  irregular  polyg- 


*Spec.  Gen.  Delt.,  Vol.  VIII,  p.  226.  1854. 
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onal  areas,  appearing  as  a  netlike  sculpture  on  the  surface.  The 
larva,  on  hatching  from  the  egg,  immediately  attacks  the  new 
leaves,  usually  feeding  on  the  epidermal  tissue  of  the  under  sur¬ 
face,  but  later  it  devours  the  entire  leaf.  While  young  it  may 
remain  on  the  leaves  during  the  day,  but  as  it  nears  maturity  it 


. 
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Fig.  17.  Alternanthera  Worm, 
Hymenia perspectalis ,  egg.  Great¬ 
ly  enlarged. 


usually  conceals  itself  near  the  base  of  the  plant  or  in  the  crevices 
of  the  pot,  feeding  only  at  night.  When  full  grown  (Fig.  18,  19) 
the  larva  is  slightly  more  than  half  an  inch  long,  shining  green, 
somewhat  resembling  slimy  green  slugs,  and  with  rows  of  small 
black  dots,  as  shown  in  the  figure.  It  then  goes  to  the  base  of  the 
plant  or,  more  often,  to  the  wall  of  the  pot,  where  it  makes  a 
thin,  loose  cocoon  of  silken  thread,  in  which  it  transforms  to  the 
brownish  pupa  (Fig.  20),  the  moth  (Fig.  21)  emerging  a  week 
or  ten  days  later.  The  length  of  the  various  stages  has  not  been 


Fig  19.  A  lternanthera  Worm,  Hy- 
ntenia  perspectalis,  head  and  next  seg¬ 
ment,  greatly  enlarged. 


Fig.  18.  Alternanthera  Worm, 
Hymenia perspectalis.  Length  slight¬ 
ly  over  half  an  inch. 


Fig.  20.  Alternanthera 
Worm,  Hymetiia  perspectalis, 
pupa;  also  tip  of  same  greatly 
enlarged.  Length  of  pupa 
about  one  third  inch. 
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determined,  but  in  greenhouses  the  total  life  cycle  usually  requires 
two  to  three  months. 

Remedial  Measures. — Spraying  with  one  of  the  arsenicals. 
preferably  arsenate  of  lead — three  pounds  to  fifty  gallons  of  water 
— is  perhaps  the  best  method  of  dealing  with  this  insect.  The 
application  must  be  thoro  and  the  spray  fine  and  mistlike,  as  it 
is  essential  to  coat  the  foliage  completely  without  wetting  the  soil 
unduly.  This  method  is  practicable,  of  course,  either  in  green¬ 
houses  or  out-of-doors,  but  it  will  be  found  most  satisfactory  to 


Fig.  21.  Aliernanthera  Worm,  //y* 
menta  ferspectalis ,  adult.  About  twice 
natural  size. 


spray  the  outdoor  beds  in  summer,  to  destroy  the  early  generations 
and  thus  prevent  their  multiplication  and  their  introduction  later 
to  the  greenhouses,  where  they  become  especially  destructive  to 
the  small  Alternanthera  plants. 

Hand-picking  is  a  valuable  aid  when  plants  are  in  pots  in  the 
greenhouse. 

Light  traps  (see  p.  87)  have  proven  of  value.  In  the  green¬ 
house  where  candle-light  was  used,  twelve  to  eighteen  moths  were 
collected  nightly  in  a  single  trap.  While  this  method  will  not 
alone  control  the  pest,  it  will  be  useful  as  an  adjunct  of  hand¬ 
picking  and  spraying. 

The  Rose  Midge 
Neocerata  rhodophaga  Coq. 

The  injury  done  by  the  maggots  of  the  rose  midge  is  quite 
characteristic.  In  summer,  when  development  is  rapid,  they  at¬ 
tack  the  very  young  flower  or  leaf-buds,  preferably  the  former. 
Infested  buds  die,  turning  brownish  or  black  (Fig.  22),  and  upon 
examination  minute  whitish  maggots  will  be  found  within  them, 
often  as  many  as  twenty  or  thirty  in  a  single  bud.  W  hen  the 
maggots  are  not  very  abundant,  and  particularly  in  spring,  when 
their  growth  and  multiplication  are  slow,  the  larger  flower-buds 
are  more  often  attacked  than  later,  the  reason  being  that  they 
have  had  a  better  chance  to  develop  before  being  severely  at¬ 
tacked.  The  bud  in  this  case  is  disfigured  and  deformed  as  shown 
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Pig.  22.  Roses  injured  by  larvae  of  Rose  Midge,  Neocerata  rhodophaga .  Young  leaf  and  flower-buds  killed  and  blackened; 
characteristic  appearance  in  severe  attacks,  as  in  summer. 
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Fig.  23.  Rosebuds  injured  by  larvae  of  Rose  Midge,  Neocerata  rkodopkaga .  Characteristic  appearance  in  lighter  attacks,  as  in  spring. 
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in  Figure  23.  This  midge  is  without  doubt,  when  present,  the 
worst  pest  with  which  the  rose  grower  has  to  deal.  In  two  Chi¬ 
cago  greenhouses  the  injury  by  this  insect  for  the  past  eight  or 
ten  years  is  estimated  at  $10,000  a  year. 

In  1900  Dr.  Forbes,  on  being  advised  of  the  seriousness  of 
this  injury  by  a  Chicago  florist,  directed  Mr.  C.  A.  Hart  to  make 
a  preliminary  investigation.  Later  he  placed  the  matter  in  the 
hands  of  Prof.  F.  M.  Webster,  who  visited  the  infested  houses, 
publishing  the  results  of  his  investigations — which  consisted  largely 
of  systematic  and  life  history  studies — in  February,  1904,  in  the 
Bulletin  of  the  State  Laboratory  of  Natural  History*. 

This  species  seems  to  be  distinct  from  all  of  the  European 
rose  cecidomyians,  and  was  described  as  new  by  Mr.  D.  W. 
Coquillett  in  1900.$  He  reported  injury  to  greenhouse  roses  simi¬ 
lar  to  that  caused  by  this  species,  and  probably  due  to  it,  in  New 
Jersey  in  1886  and  1889,  in  New  York  in  1890  and  1898,  in 
Washington,  D.  C.,  in  1891,  1894,  and  1896,  in  Boston  in  1894, 
and  in  Chicago  in  1897. t  From  this  it  appears  that  it  is  of  east¬ 
ern  United  States  origin,  and  that  it  obtained  a  foothold  in  Chi¬ 
cago,  doubtless  on  rose  stock  received  from  the  East,  in  the  short 
period  of  eleven  years  after  its  discovery  in  this  country. 

Varieties  oe  Roses  Attacked 

• 

At  the  time  Professor  Webster  made  his  investigations,  the 
only  varieties  of  roses  suffering  from  injury  by  this  pest  were 
the  Meteor,  Wooton,  Bride,  Madame  Chatenay,  La  France,  Ivory, 


Fig.  24.  Rose  Midge,  Neoccratu  rhodophaqci:  egg  in  center;  larvae 
at  left,  the  lower  newly  hatched,  the  upper  lull  grown;  pupa,  side 
view,  at  right.  Uength  of  egg  about  one  seventy-fifth  inch,  of  larva 
one  twelfth  inch,  and  of  pupa  one  sixteenth  inch. 


*Studies  of  the  Habits  and  Development  of  N eocerata  rhodophaga  Coquil¬ 
lett.  Bull.  Ill.  State  Lab.  Nat.  Hist.,  Vol.  VII,  Art.  II,  pp.  15-25.  1  colored 

plate. 

tTwo  New  Cecidomyians  Destructive  to  Buds  of  Roses.  Bull.  Div.  Ent., 
U.  S.  Dept.  Agr.,  No.  22,  N.  S.  (1900),  pp.  44-48.  1  figure. 
fLoc.  cit.,  pp.  44-46. 
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and  Golden  Gate,  the  Meteor  being  far  worse  injured  than  any 
of  the  others.  Largely  owing  to  the  severity  of  attacks  by  this 
maggot,  the  growing  of  Meteor  and  La  France  roses  was  almost 
entirely  discontinued.  A  list  of  the  varieties  noticeably  damaged 
by  it  in  1908  included  besides  those  mentioned  by  Webster,  the 
American  Beauty,  Uncle  John,  Joe  Hill,  Kate  Moulton, .  Brides¬ 
maid,  Killarney,  Liberty,  and  Richmond,  but  it  was  evident  that 
Beauties  and  all  “hybrid  teas”  were  first  attacked  and  most  dam¬ 
aged.  If  houses  growing  these  varieties  are  badly  infested,  but 
one  full  crop  a  year,  or  even  less,  is  obtained. 

% 

Life  History  and  Habits 

The  adult  of  the  maggot  doing  this  damage  is  a  very  small 
midge-like  fly  belonging  to  the  Cecidomyiida ?,  a  family  of  much 
economic  importance.  The  female  fly  (Fig.  25),  or  midge,  as 
it  is  popularly  known,  deposits  very  minute  yellowish  eggs  (Fig. 
24),  which  are  barely  visible  to  the  naked  eye,  beneath  the  sepals 


Fig.  25.  Rose  Midge,  Neoccrata  rliodophaga,  fe-  Fig.  26.  Rose  Midge,  Neocerata  rho- 

male,  greatly  enlarged,  and  one  of  her  antennae,  more  dophaga,  male.  Length  of  body  about  one 
enlarged.  Length  of  body  one  twentieth  inch.  twenty-fifth  inch. 


of  the  flower-buds  or  between  the  folded  leaves  of  the  leaf-buds, 
and  for  this  purpose  is  provided  with  a  long,  hairlike  ovipositor. 
The  egg  period  is  only  two  days,  and  the  young  maggots  (Fig. 
24),  as  soon  as  hatched,  begin  their  destructive  attack  upon  the 
buds.  They  grow  rapidly,  reaching  maturity  (Fig.  24)  in  five 
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to  seven  days,  at  the  end  of  which  time  they  drop  to  the  soil, 
pupating  there  (Fig.  24)  about  two  days  later  within  an  almost 
transparent  cocoon.  The  adult  fly  (Fig.  25,  26)  emerges  about 
six  days  after  pupation  occurs,  and  eggs  are  deposited  for  an¬ 
other  generation  of  maggots.  The  total  life  cycle  in  summer  is 
therefore  about  two  weeks. 

As  a  rule  the  maggots  do  not  appear  in  very  injurious  num¬ 
bers  until  June  or  July,  but  they  have  been  found  in  rosebuds  as 
early  as  February  22.  From  June  until  October  or  November, 
they  are  usually  continuously  present  in  such  numbers  as  to  make 
it  impossible  to  secure  a  single  crop  of  flowers.  However,  as 
cooler  weather  sets  in,  the  injury  becomes  less  and  the  maggots 
finally  disappear  entirely,  only  to  reappear  after  the  cutting  of 
a  single  crop — or  a  partial  one.  From  these  facts  it  seems  prob¬ 
able  that  the  colder  winter  months  are  passed  wholly  in  the  dor¬ 
mant,  pupal  stage,  in  the  greenhouse  soil.  To  be  sure  the  houses 
are  heated,  but  their  temperature  in  winter  is  only  about  50°  to 
55°  F.  at  night  and  55°  to  65°  during  the  day,  which  is  25  to  35 
degrees  lower  than  in  summer,  and  this  is  perhaps  sufficiently 
low  for  its  hibernation. 

Native  roses,  out-of-doors,  have  never,  been  found  attacked 
by  this  maggot,  and  it  is  probable  that,  like  other  insects  which 
are  strictly  greenhouse  pests  in  the  North,  it  is  of  tropical  or 
subtropical  origin.  This  probability  is  further  strengthened  by 
the  fact  that  this  species  is  introduced  only  by  infested  plants, 
or  by  the  carrying  of  the  adults  by  the  wind  from  one  house  to 
another  adjoining.  The  agency  of  the  wind  is  apparently  illus¬ 
trated  by  tbe  following  record :  In  one  establishment  the  rose 
midge  was  introduced  into  the  two  houses  farthest  south  in  1904; 
by  1906  the  next  house  north  was  infested;  and  in  1907  the  roses 
in  two  more  houses  to  the  north  were  attacked.  In  another  in¬ 
stance  it  was  noted  that  a  clean  “range,”  separated  from  an  in¬ 
fested  one  by  a  narrow  passageway,  became  infested,  and  a  simi¬ 
lar  instance  was  found  by  Professor  Webster*. 

Economic  Control  and  Remedial  Measures 

The  florist  should  be  ever  on  the  lookout  for  this  dangerous 
pest,  for  when  it  once  becomes  established  in  a  house  it  is  most 
difficult  to  combat  and  eradicate  it,  and,  as  in  the  case  of  many 
other  insects,  precaution  and  prevention  are  easier  than  cure. 

Only  two  methods  are  at  present  known  to  be  reliable  for 
thoroly  eradicating  the  rose  midge,  and  they  require  much  labor 
and  expense.  One  of  these  methods  may  properly  be  termed  a 


*Loc.  cit.,  p.  15. 
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rotation  of  crops.  It  is  known  that  the  rose  is  the  only  plant 
attacked  by  the  insect  under  discussion,  consequently  if  the  in¬ 
fested  range  is  planted  to  some  other  crop — for  example,  carna¬ 
tions — for  one  year,  roses  may  again  be  planted  in  the  range 
without  danger  from  the  original  infestation,  provided,  of  course, 
that  new  and  clean  plants  are  used.  During  this  one-year  rota¬ 
tion  it  is  absolutely  necessary  that  not  a  single  rose  plant  be 
grown  in  the  entire  range.  If  more  than  one  range  is  infested, 
it  is  desirable  to  rotate  all  of  them  the  same  year;  but  if  this  is 
impracticable,  the  beginning,  at  least  in  Cook  county,  should  be 
made  with  the  ranges  furthest  south,  for  it  is  known  that  midges 
there  usually  spread  in  a  northerly  direction,  the  reason  being,  that 
the  prevailing  summer  wind  is  from  the  south  or  southwest, — 
and,  as  before  said,  the  wind  is  practically  the  only  means  of  dis¬ 
semination,  aside  from  transportation  on  infested  plants. 

The  other  method,  which  may  be  used  when  it  is  undesirable 
to  rotate,  consists  in  thoro  cleaning  of  the  house  in  midwinter, 
this  method  having  a  decided  disadvantage,  however,  since  the 
winter  crops  are  the  most  valuable,  the  highest  prices  usually 
prevailing  at  that  time.  The  cleaning  should  be  done  in  December 
or  January,  when  the  insects  are  dormant  in  the  soil.  The  plants 
should  be  removed  and  destroyed,  for  pupae  may  remain  in  the 
soil  among  the  roots.  Likewise  the  earth  should  be  removed  from 
the  benches  and  hauled  away  some  distance  from  the  houses,  so 
that  there  will  be  no  possible  danger  of  reinfestation  from  this 
source  should  any  of  the  pupae  survive  the  winter  out-of-doors. 
As  a  further  precaution  the  rubbish  beneath  the  benches  should 
be  removed,  and  the  earth  floors  and  the  benches  thoroly  sprayed 
with  some  contact  insecticide,  such  as  20  percent  kerosene  emul¬ 
sion.  None  of  the  living  insects  are  likely  to  survive  the  fore¬ 
going  painstaking  procedure.  It  is  hardly  necessary  to  say  that 
new  soil  and  new  clean  plants  must  take  the  place  of  the  old. 
Other  directions,  such  as  the  cleaning  of  all  infested  houses  at 
the  same  time,  etc.,  as  given  above  in  the  discussion  of  the  rota¬ 
tion  method,  apply  equally  to  the  cleaning  method. 

Such  practices  have  been  thought  to  be  impracticable  bv  some 
florists  not  fully  acquainted  with  the  great  damage  done  by  this 
insect,  but  it  is  indisputable  that  the  cost  of  such  operations  are 
inconsiderable  when  compared  with  the  annual  loss  occasioned  by 
this  pest. 

Hydrocyanic  acid  gas  has  been  tried  as  a  remedy,  but  it  is 
inefficient  in  controlling  this  maggot  in  greenhouses  in  summer. 
It  kills  the  flies,  but  will  not  kill  the  maggots — partly  because 
they  are  so  well  protected  within  the  buds — unless  used  at  a 
strength  which  will  injure  the  plants.  Further,  the  flies  are  con- 
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tinually  emerging,  and  as  the  gas  can  not  be  used  oftener  than 
every  two  or  three  days  without  damage  to  the  plants,  the  in¬ 
terim  suffices  for  the  flies  to  emerge  and  deposit  eggs.  In  some 
experiments  with  the  gas  it  was  noticed  that  the  maggots  were 
less  abundant  after  the  first  week’s  operation,  including  two  fumi¬ 
gations,  but  the  effect  was  never  marked  enough  to  be  of  prac¬ 
tical  importance.  After  two  or  three  weeks  of  this  twice-a-week 
fumigation  the  treatment  had  to  be  discontinued,  as  the  plants 
began  to  show  the  poisonous  effects  of  the  gas,  and  the  maggots 
soon  reappeared  in  as  great  abundance  as  before.  Notwithstand¬ 
ing  the  small  benefit  so  far  realized  from  the  use  of  hydrocyanic 
acid  gas  for  this  insect,  it  may  prove  to  be  effective  if  used  from 
the  first  to  the  middle  of  March,  or  just  as  the  first  generation 
of  flies  is  appearing,  and  while  the  growth  of  the  maggot  is  slow. 
Any  grower  undertaking  this  March  treatment  should  make  con¬ 
tinual  close  observations  to  determine  just  when  the  flies  begin 
to  emerge,  at  which  time  the  gas  should  be  used  without  delay, 
and  twice  a  week  for  two  weeks  thereafter,  and  once  a  week  for 
the  two  weeks  following.  As  a  rule  the  flies  will  begin  to  emerge 
about  a  week  and  a  half  after  the  maggots  are  first  found. 

In  addition  to  the  fumigation,  the  plants  should  be  gone  over 
carefully  every  day  and  the  infested  buds  cut  off  and  burned. 

The:  Garde:n  Fle:a-hopper 
Hcilticiis  citri  Ashmead 
( H .  bractatus,  H.  nhleri) 

A  short-winged  form  of  this  flea-hopper,  which  is  by  far  the 
most  abundant  one,  might  easily  be  confused  with  the  commoner 
so-called  flea-beetle  by  the  casual  observer,  so  closely  does  it  re¬ 
semble  that  beetle  both  in  looks  and  leaping  ability,  its  injury  also 
appearing  much  like  that  of  the  flea-beetle.  This  short-winged 
form  (Fig.  27,  a)  is  about  1/16  of  an  inch  long,  shining  black,  and 
the  wing-covers,  which  hardly  reach  the  end  of  the  body,  are 
sparsely  covered  with  minute  scalelike  tufts  of  yellow  hair.  This 
flea-hopper  did  much  damage  to  smilax  in  several  greenhouses 
around  Chicago  in  1908.  It  punctures  the  leaves  and  sucks  their 
juices,  thus  causing  a  collapse  of  immediate  tissue,  and  the  con¬ 
sequent  appearance  of  small  irregular  whitish  patches  over  the 
leaf  surface  not  unlike  the  injury  done  by  thrips.  The  injury 
to  smilax  observed,  did  not  perceptibly  weaken  the  plants,  but  the 
discoloration  of  the  foliage  ruined  the  product  for  market. 

It  has  been  recorded  once  before — by  Dr.  F.  H.  Chittenden — as 
a  pest  of  smilax  in  greenhouses  (in  Ohio),  and  as  attacking  chry- 
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santhemums  (at  Washington,  D.  C. )  and  morning-glory  (in  Mis¬ 
souri)*.  It  is  commonly  knowrj  as  a  garden  pest,  being  very  in¬ 
jurious  to  beans,  peas,  eggplant,  and  beets,  and  has  been  reported 
by  Professor  F.  M.  Webster  as  attacking  many  weeds,  the  com- 


Fig.  27.  Garden  Flea-hopper,  Halticus  citri:  a ,  short-winged 
female;  b,  long-winged  female;  c,  male;  d,  head,  side  view,  show¬ 
ing  beak.  Enlarged  as  indicated.  (U.  S.  Dept,  of  Agriculture.) 

moner  ones  being  ragweed  ( Ambrosia  art cmisicu folia ),  plantain 
( Plantago  lanceolata  and  P.  rugelii ),  smartweed  ( Polygonum  hy- 
dropiperoides),  mare’s-tail  {Erigeron  canadensis),  thistle  ( Cardans 
lanceolatus) ,  and  crab-grass  ( Panicum  sanguinale)^. 

The  life  history  of  this  leaf-hopper  is  imperfectly  known,  and 
little  of  value  can  here  be  added  to  what  has  been  given  by  others. 
Professors  Forbes  and  Webster  have  recorded  its  appearance  as 
early  as  the  middle  of  May.  In  1908  it  was  common  July  13  in 
the  greenhouse  above  referred  to,  and  just  outside  of  the  house 
the  weeds  were  much  infested  with  it — the  latter  fact  probably 
accounting  for  its  presence  indoors.  Early  in  the  spring  of  1900 
the  adults — fully  winged  males  (Fig.  27,  c)  and  females  (Fig  27,  b) 

*Note  on  the  Garden  Flea-Hopper.  Bull.  U.  S.  Dept.  Agr.,  Div.  Ent., 
No.  19,  N.  S.  (1899),  PP-  57-62.  Figure.  Washington,  D.  C. 

t Halticus  bractatus  Say.  Entomological  News.  Vol.  VIII,  No.  9  (Nov., 
1897),  pp.  209-210.  Plate.  Philadelphia. 
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as  well  as  the  short- winged  form  (Fig.  27,  a) — were  found 
abundant  in  one  greenhouse  at  a  date  which  would  preclude  any 
possibility  of  their  having  developed  out-of-doors  that  spring;  and 
they  did  not  develop  inside  the  greenhouses  from  eggs  deposited 
the  fall  before,  as  the  houses  had  been  examined  during  the  winter 
and  not  an  active  “hopper"  found.  It  was  also  observed  that  the 
individuals  became  adult  in  the  fall,  as  cold  weather  set  in.  From 
these  observations  it  appears  that  the  adults  hibernate  in  green¬ 
houses  or  out-of-doors  and  become  active  in  the  spring,  when 
they  deposit  eggs  for  that  season's  generation — instead  of  doing 
it  in  the  fall  before,  as  has  heretofore  been  supposed. 

methods  oe  control 

Clean  culture  around  greenhouses,  to  destroy  the  breeding  places 
of  the  leaf-hopper,  is  perhaps  more  effective  against  it  than  a  spray 
mixture  indoors.  Late  in  fall  all  vegetation  in  the  immediate  vicin¬ 
ity  of  the  greenhouse  should  be  cut  down,  and  as  an  additional 
safeguard  it  is  desirable  that  the  land  be  cultivated  at  once.  Such 
procedure  is  desirable  during  the  spring  and  summer  also,  not  only 
for  the  reason  already  assigned,  but  also  as  a  defense  against  in¬ 
festation  from  adjoining  fields.  One  year's  practice  of  this  radical 
measure  is  worth  many  years  of  half-way  methods,  and  if  the  work 
is  thoroly  done  the  danger  of  reinfestation  is  very  slight. 

If,  however,  the  insect  appears  in  the  greenhouse  before  the 
florist  has  taken  preventive  measures,  or  in  spite  of  them,  he  should 
at  once  use  a  contact  insecticide,  such  as  kerosene  emulsion  or  one 
of  the  nicotine  extracts.  Because  of  their  leaping  habit  it  is  some¬ 
times  a  difficult  problem  to  hit  the  insects,  but  with  sufficient  care 
and  thoroness  spraying  will  prove  of  value.  Kerosene  emulsion  is 
made  as  follows,  the  formula  being  for  a  66  percent  stock  solution. 

Soap*  . V2  pound 

Kerosene .  2  gallons 

Water .  1  gallon 

If  the  soap  is  hard,  cut  it  into  fine  shavings  and  dissolve  in  boiling 
water,  after  which  remove  the  vessel  from  the  fire,  add  the  kero¬ 
sene  immediately,  and  mix  thoroly.  The  mixing  may  be  best  and 
easiest  done  by  churning  for  about  ten  minutes  with  a  force-pump, 
the  nozzle  being  turned  back  into  the  liquid.  When  thoroly  emul¬ 
sified  it  will  have  the  consistency  of  thick  cream,  and  the  oil  will 
not  separate  out.  For  a  10  percent  emulsion,  dilute  this  stock  so¬ 
lution  with  17  gallons  of  water.  Soft  water  is  best,  both  for  the 

*Either  hard  or  soft  soap  may  be  used.  Whale-oil  soap  and  “Tak-a-nap” 
soap  have  given  excellent  results. 
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stock  and  as  a  diluent,  but  if  it  is  not  obtainable  the  water  may  be 
softened  by  adding  lye  or  sal-soda.  The  emulsion  should  be  ap¬ 
plied  to  plants  in  a  fine  mistlike  spray  with  a  spray-pump. 

Owing  to  the  jumping  habit  of  the  leaf-hoppers  it  has  been  sug¬ 
gested  that  they  be  trapped  by  the  use  of  fly-paper  or  sticky  or 
greased  cloth,  which  for  convenience  may  be  attached  to  frames. 
It  is  thought  that  the  insects,  when  disturbed,  will  jump  into  the 
properly  placed  traps.  This  method  should  be  tried  early  in  the 
morning  or  late  in  the  afternoon,  at  which  times  leaf-hoppers  are 
less  active  than  in  the  middle  of  the  day. 

• 

Aphids,  or  Plant-lice 
A  phi  did  a? 

(a)  Aerial  Species 

Greenhouse  plants  are  injured  by  a  number  of  species  of  plant- 
lice,  but  as  the  life  histories  of  these  insects  and  the  remedies  used 
in  combating  them  are  practically  the  same,  it  will  suffice,  from 
the  economic  standpoint,  simply  to  enumerate  the  various  species 
and  to  treat  them  as  a  class. 


Fig.  28.  Black  Chrysanthemum  Aphis, 

Macrosiphum  sanbor?ii,  wingless  viviparous 
female.  Length  about  one  twelfth  inch. 

The  Species  and  their  Pood  Plants. — Two  of  the  most  trouble¬ 
some  plant-lice  are  the  black  aphis,  or  so-called  “black  fly"  ( Macro¬ 
siphum  sanborni  Gill.),  and  green  aphis  ( Aphis  rufoniaculata 
Wils.)  of  the  chrysanthemum.  (Fig.  28,  29,  30.)  Both  species 
are  monophagous,  feeding  only  on  chrysanthemum,  and  usually 
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thickly  colonize  the  tender  terminal  shoots,  the  two  species  being 
often  intermixed. 


Length  about  one  sixteenth  Fig.  30.  Green  Chrysanthemum  A  phis,  Aphis  rufomaculata, 

inch.  winged  viviparous  female.  Length  about  one  sixteenth  inch. 


The  melon  aphis  ( Aphis  gossypii  Glov.),  a  species  which  varies 
greatly  in  color — from  pale  to  dark  green  or  nearly  black — is 
quite  common  in  conservatories,  attacking  such  plants  as  Althcca 
and  Easter  lily. 

Two  species  ( Macrosiphuni  rosce  Linn,  and  Myzus  rosarum 
Ivalt. )  are  commonly  found  attacking  the  rose  in  greenhouses.  Both 
are  greenish  in  color  and  gregarious  on  the  terminal  shoots.  They 
are  practically  monophagous,  the  rose  being  their  usual  food  plant. 

Carnations  often  become  badly  infested  with  a  green  plant-louse 
(Myzus  persiccc  Su\z. —Rhopalosiphum  dianthi  Schrank).  Its 
habits  are  like  those  of  the  species  previously  mentioned  as  to  colo¬ 
nizing  the  terminal  shoots,  but  it  is  decidedly  different  from  them 
in  its  feeding  habits,  since  it  can  live  and  multiply  on  a  great  variety 
of  vegetation.  The  flowering  and  ornamental  plants  which  have 
been  found  most  susceptible  to  its  injury  are  carnation,  asparagus 
fern  (Asparagus  pliimosus ),  Cineraria,  marigold,  Primula,  and 
Vinca.  It  does  not  limit  itself  to  greenhouse  plants,  but  is  also  a 
fruit-tree  and  vegetable  pest  of  considerable  importance,  peach, 
plum,  cabbage,  turnip,  radish,  and  spinach  being  liable  to  injury 
by  it. 

Another  plant-louse  which  feeds  on  a  variety  of  plants  but 
which  seems  to  be  strictly  a  greenhouse  species,  is  Myzus  vincce 
Gill.*  It  is  of  a  greenish  color,  with  blackish  horseshoe  markings 
on  the  abdomen,  which  are  quite  characteristic  in  the  wingless 

*This  species  is  probably  the  same  as  the  European  Macrosiphuni  circum- 
flexuni  Buckton,  as  it  agrees  with  the  description  and  figures  of  that  species 
and  has  the  same  habits.  However,  until  their  identity  has  been  positively 
determined  by  actual  comparison  of  our  species  with  the  European  one  it 
seems  best  to  retain  the  name  given  by  Gillette. 
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form.  In  Illinois  this  louse  has  been  found  on  Easter  lily,  calla 
lily,  maidenhair  fern  ( Adiantum  hybridum  and  A.  spp.),  and  Vinca. 

A  dull-colored  mottled  plant-louse,  Rhopalosiphum  (  ?)  nymphcece 
Linn.*,  is  often  common  in  greenhouses.  I  have  found  it  there 
on  Philotria  canadensis  and  calla  lily,  and  it  is  sometimes  a  troub¬ 
lesome  pest. 

A  small  dark-colored  plant-louse  ( Idiopterus  nephrelepidis 
Davis) — doubtless  of  tropical  origin — with  beautifully  marked 
wings,  was  found  on  sword  fern  in  several  Chicago  greenhouses. 
In  no  case  was  it  a  serious  pest,  but  it  may  become  one,  and 
should  be  watched  and  kept  in  check  by  the  florist. 

First  Knowledge  of  the  Presence  of  Aerial  Plant-lice,  and 
their  Injury  to  Plants. — All  of  the  plant-lice  above  mentioned 
are  more  or  less  gregarious,  living  in  colonies  on  the  terminal 
shoots  or  on  the  leaves  of  the  plants.  Owing,  however,  to  their 
small  size  and,  in  many  cases,  to  their  greenish  color,  as  also, 
when  few  in  number,  to  their  concealment  beneath  the  folds  of 
the  immature  buds,  they  are  seldom  noticed  by  the  average  ob¬ 
server  until  the  plants  have  become  considerably  infested. 

They  obtain  their  food  by  puncturing  the  leaf  or  stem  with 
the  beak,  or  proboscis,  through  which  the  sap  is  sucked.  Their 
continual  drain  upon  the  sap  supply  weakens  the  plant,  and  when 
numerous  the  aphids  do  further  damage  by  stunting  and  disfigur¬ 
ing  the  leaves  or  shoots,  as  the  case  may  be. 

Life  History. — The  aphid  colonies  usually  consist  of  wingless 
and  winged  females  in  all  stages  of  development,  from  the  tiny 
young,  just  born,  to  full-grown  individuals.  These  adults  are 
viviparous  and  parthenogenetic,  that  is,  they  give  birth  to  living 
young  without  fertilization  by  the  male.  In  greenhouses  which 
are  heated  in  winter,  they  continue  this  method  of  reproduction 
the  year  round,  notwithstanding  the  fact  that  outdoors,  under 
natural  conditions,  most  of  the  species  are  known  to  develop  an 
oviparous  generation,  females  of  which  lay  eggs. 

It  requires  but  a  short  time — one  to  two  weeks — for  the  newly 
born  aphid  to  mature,  and,  in  turn,  it  gives  birth  to  more  young. 
Not  only  do  aphids  develop  rapidly,  but  they  are  wonderfully 
prolific,  a  single  individual  giving  birth  to  as  many  as  seventy- 
five  to  a  hundred  young,  at  the  rate  of  five  to  ten  a  day.  Con¬ 
sidering  their  rapid  and  enormous  multiplication  the  sudden  ap¬ 
pearance  of  plant-lice  in  destructive  numbers  is  not  surprising. 

Natural  Bunnies. — Probably  no  other  group  of  'insects  is  so 
beneficially  checked  by  predaceous  and  parasitic  enemies  as  are 

*This  is  apparently  the  same  species  as  that  recently  described  by  Mr. 
C.  F.  Jackson  as  Aphis  aquaticus,  but  which  I  consider  to  be  the  European 
Rhopalosiphum  nymphdce. 
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the  plant-lice.  The  ladybirds,  both  larvae  (Fig.  31,  a)  and  adults 
(Fig.  31,  c),  are  examples  of  the  first  class,  and  are  usually  to 
be  found  devouring  plant-lice  whenever  the  latter  are  abundant. 
The  parasites  of  the  plant-lice  are  minute  wasp-like  insects  living 
within  the  bodies  of  their  hosts.  A  parasitized  aphid  first  becomes 
sluggish  and  then  inactive,  and  a  darkening  and  swelling  of  the 
body  follow,  the  integument  becoming  hard  and  brittle,  and  the 


Fig.  31.  Common  Ladybird,  Megilla  maculata:  a, 
larva;  b,  empty  pupa  skin;  c,  beetle.  Knlarg-ed  as  indi¬ 
cated.  (U.  S.  Dept,  of  Agriculture.) 


color  finally  changing  to  a  uniform  brown  or  blackish  brown.  The 
adult  parasite  emerges  through  a  circular  hole  which  it  cuts  near 
the  posterior  part  of  the  body  of  the  louse.  Predaceous  and  par¬ 
asitic  insects  often  check  the  plant-lice,  and  may  sometimes  pre¬ 
vent  further  injury  by  them  during  the  season. 

Remedial  Measures. — As  a  rule  aphids  on  greenhouse  plants 
may  be  easily  held  in  check,  or  even  eradicated,  by  fumigation 
with  hydrocyanic  acid  gas,  or  with  tobacco  stems  or  one  of  the 
tobacco  extracts.  The  former  is  preferable,  and  the  method  of 
using  it  is  given  in  the  discussion  of  remedies  for  the  greenhouse 
white  fly  (pages  132- 134). 

When  it  is  undesirable  to  fumigate  with  the  gas,  one  of  the 
various  commercial  nicotine  extracts  and  preparations  which  are 
now  on  the  market  under  such  trade  names  as  “Nico-fume,” 
“Nicoticide,”  “To-ba-keen,”  “Aphis  Punk,”  etc.,  may  be  used. 
The  reliable  and  standard  brands  are  more  effective  than  tobacco 
stems,  tho  more  expensive.  These  preparations  come  in  liquid 
and  powder  forms,  and  as  rolls  of  commercially  prepared  ab¬ 
sorbent  paper.  The  first  must  be  evaporated,  either  by  “painting” 
the  steam  pipes  with  it  or  by  placing  it  in  pans  and  applying  heat. 
If  the  preparation  is  a  powder  it  is  placed  in  a  dish  and  ignited; 
or  if  the  paper  is  used,  strips  of  it  are  suspended  and  lighted. 
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Directions  as  to  the  quantity  or  strength  to  be  used  accompany 
all  these  preparations,  but  the  grower,  after  experiment,  must 
himself  finally  determine  the  matter,  since  no  two  greenhouses 
are  alike  in  regard  to  tightness. 

The  method  of  fumigation  with  tobacco  stems  in  common 
practice  is  to  use  3  piles  of  stems,  of  about  half  a  bushel  each, 
to  every  100  linear  feet  of  space,  dampening  the  pile  to  prevent 
rapid  burning.  This  is  done  in  the  evening,  and  the  fire  is  ap¬ 
plied  when  leaving  the  building  for  the  night,  the  house  being 
kept  as  tightly  closed  as  possible  until  morning. 

If  the  infested  plants  are  few,  or  are  out-of-doors,  a  spray 
of  whale-oil  or  “ivory"  soap  or  one  of  the  liquid  nicotine  extracts 
may  be  used.  The  quantity  of  diluent  for  the  latter  recommended 
by  the  manufacturers  must  of  course  be  modified  if  houses  are 
exceptionally  loose  or  tight  in  construction.  The  soap  solutions 
are  prepared  by  dissolving  1  pound  of  the  soap  in  6  to  8  gallons 
of  water,  and  the  application  should  be  made  with  a  bucket-  or 
small  barrel-  sprayer.  A  hand  syringe  may  be  used,  but  the  large’* 
apparatus  has  a  more  even  and  a  stronger  pressure,  and  is  the 
most  economical  in  the  end. 

In  spraying  the  fluids  above  mentioned  it  should  be  remem¬ 
bered  that  they  kill  only  by  coming  in  contact  with  the  insect,  and 
it  is  therefore  essential  that  the  spraying  be  thoro.  It  is  also  im¬ 
portant  to  begin  treatment,  whether  it  be  spraying  or  fumigation, 
as  soon  as  the  lice  make  their  appearance,  not  waiting  until  they 
begin  to  do  noticeable  damage,  since  they  are  then  much  more 
difficult  to  control. 


( b )  Root  Forms 

In  Illinois  but  one  root  aphis,  commonly  known  as  the  corn 
root-aphis,  Aphis  maidiradicis  Forbes  (Fig.  32,  33),  has  been 
found  damaging  cultivated  flowering  plants,  and  of  these  only  the 
aster  is  seriously  injured.  Asters  sometimes  make  little  or  no 
noticeable  growth,  turn  yellow  and  sickly,  and  easily  succumb  to 
the  midday  sun.  Usually  plants  showing  these  symptoms  are  be¬ 
ing  attacked  by  root-lice,  and  upon  examining  the  roots  man-y  small 
bluish-green  lice,  about  the  size  of  a  pin-head,  will  be  found.* 
Again,  the  lice  are  attended  by  ants,  and  the  presence  of  their 
nests  close  to  the  plants  is  good  evidence  that  aphids  are  also 
present. 

The  life  history  of  these  aphids  differs  little  from  that  of  the 
aerial  forms  except  as  modified  by  the  fostering  care  of  the  ants, 

*Plants  attacked  by  the  common  white-grubs  show  similar  symptoms,  but 
the  wilting  and  dying  of  the  plant  is  usually  very  sudden.  If  white-grubs 
are  present  the  roots  will  be  cut  off,  and  a  large  grub  will  be  found  near 
them. 
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and  in  that  the  entire  life  is  spent  under  ground,  except  when  the 
winged  forms  migrate.  The  little  brown  ant  cares  for  the  aphis 
eggs  during  the  winter,  and  early  in  spring  the  lice  hatching  from 
these  eggs  are  carried  by  the  ants  to  the  roots,  along  which  they 
have  made  burrows.  The  lice  insert  their  beaks  into  the  root,  and 


viviparous  female,  and  tip  of 

body,  more  enlarged.  Length  Fig.  33.  Corn  Root-louse,  Aphis  maidiradicis ,  winged  vivip 

about  one  sixteenth  inch.  arous,  female.  Length  nearly  one  twelfth  inch. 

obtain  their  food,  as  do  the  aerial  forms,  by  sucking  the  juices 
of  the  plant.  Thruout  the  summer  the  ants  are  in  constant  at¬ 
tendance  upon  the  aphids,  and  carry  the  young  to  new  roots  as 
is  necessary.  In  the  fall  the  aphis  eggs  are  taken  by  the  ants  to 
their  nests  and  cared  for  during  the  winter.  The  aphids  give  off 
a  honeydew,  an  excretory  product  from  the  anus,  which  is  greatly 
relished  by  the  ants,  and  is  no  doubt  responsible  for  the  faithful 
attentions  they  bestow  upon  the  root-lice  and  their  eggs. 

Remedial  Measures. — Carbon  bisulfid  is  a  very  reliable  remedy. 
It  may  be  applied  thru  a  diagonal  hole  in  the  earth  so  made,  with 
a  stick,  that  the  bottom  of  the  hole  will  be  beneath  the  principal 
roots,  and  the  opening  several  inches  away  from  the  stems — since 
injury  is  likely  to  result  if  the  bisulfid  comes  in  contact  with  them. 
A  small  tablespoon ful  of  the  liquid  carbon  bisulfid  is  injected  into 
the  hole,  which  is  immediately  closed  with  earth.  The  fumes 
given  off  by  the  liquid  thus  confined  will  be  strong  enough  to  kill 
the  lice  as  soon  as  they  reach  them.  A  simple  device  (Fig.  34) 
used  by  Mr.  A.  A.  Sawyer,  of  Oak  Park,  to  inject  the  liquid,  is 
of  value,  not  only  because  of  the  great  rapidity  with  which  it 
enables  one  to  treat  plants,  but  also  because  it  lessens  the  chance 
of  getting  the  liquid,  which  is  destructive  to  plant  tissues,  on  the 
plants.  The  piston  (b)  is  inserted  in  the  round  tin  tube  (a),  and 
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Fig.  34.  Imple¬ 
ment  used  in  plac¬ 
ing-  carbon  bisul- 
f id  in  soil  to  kill 
root-lice:  a,  tin 
tube;  b,  piston. 

the  whole  is  then  thrust  into  the  ground  as  described  above.  The 
piston  is  then  removed,  the  required  amount  of  carbon  bisulfid 
poured  in,  the  tin  tube  removed,  and  the  hole  plugged  up.  As 
carbon  bisulfid  is  inflammable  and,  when  mixed  with  air,  more  or 
less  explosive,  care  should  be  taken  not  to  have  the  least  spark 
of  fire  about  when  using  it.  It  may  be  obtained  from  any  drug¬ 
gist  for  20  to  35  cents  a  pound,  but  when  needed  in  large  quanti¬ 
ties  a  grade  equally  effective  as  a  fumigant  may  be  obtained  from 
E.  R.  Taylor,  Penn  Yan,  N.  Y.  for  io  cents  a  pound  when  or¬ 
dered  in  quantities  of  50  or  100  pouhds. 

Cultural  Methods. — When  a  field  of  asters  has  been  badly  in¬ 
fested  with  the  corn  root-aphis,  it  is  well  to  rotate,  planting  the 
field  in  some  crop  not  attacked  by  the  root-aphis.  So  far  as  is 
known,  the  aster  and  plants  closely  related  to  it  are  the  only  cul¬ 
tivated  flowering  plants  attacked  bv  this  aphis,  so  that  any  other 
flowering  plant  may  be  used  in  the  rotation. 

If  rotation  is  impracticable,  much  can  be  done  towards  eradi¬ 
cating  the  lice  by  thoro  fall  plowing.  As  the  object  is  to  dis¬ 
turb  the  ant  nests,  where  the  aphid  eggs  then  are,  the  later  it  is 
done  the  less  likely  is  it  that  the  ants  will  be  able  to  collect  the 
eggs  again;  and  if  the  winter  exposure  is  not  fatal  to  these  scat¬ 
tered  eggs,  the  young  hatching  from  them  will  starve  in  spring, 
since  they  cannot  reach  the  roots  of  their  food  plants  without  the 
aid  of  the  ants. 


Scale  Insects 
Cocci  dee 

Many  species  of  scale  insects  infest  flowering  and  ornamental 
greenhouse  plants,  particularly  the  orchids,  palms,  tropical  trees 
(in  greenhouses),  and  ferns.  In  Illinois  fifteen  species  have  been 
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found  attacking  greenhouse  plants,  and  of  these  brief  mention 
follows,  together  with  lists  of  the  more  important  or  susceptible 
plants  which  they  infest.  These  lists  are  by  no  means  exhaustive. 
Only  the  female  scales  are  characterized  unless  otherwise  stated. 

The  Tessellated  Palm  Scale  ( Bucalymnatus  tessellatus  Sign.= 
Lecanium  tessellation)*  was  found  common  in  one  Chicago  green¬ 
house,  where  it  infested  Areca  and  other  palms.  It  has  been  found 
in  widely  separated  parts  of  the  United  States,  and  is  recorded 
from  Europe,  Australia,  Hawaii,  Ceylon,  Jamaica,  and  Mauritius. 
The  scale  is  about  .15  of  an  inch  in  length,  more  or  less  oval,  quite 
flat,  and  closely  attached  either  to  the  upper  or  lower  surface  of 
the  leaf.  It  is  dark  brown  and  has  a  tessellated  surface  some¬ 
what  resembling  the  plates  of  a  tortoise  shell,  this  character  be¬ 
ing,  however,  indistinct  unless  a  magnifier  is  used.  As  stated  by 
Mr.  G.  C.  Davis,  “at  first  glance  one  might  easily  mistake  the 
scale  for  a  drop  of  tar  or  grease  on  a  palm  leaf,  to  which  there 
is  a  close  imitation. ”f  This  species  is  viviparous;  that  is,  the 
adult  female  bears  living  young. 

The  Soft  Scale  ( Coccus  hesperidmn  Linn.)  is  a  cosmopolitan 
species,  and  commonly  attacks  various  species  of  oleander,  Phoe¬ 
nix  sp.,  Reineckia  carnea,  Chamcedorea,  ivy,  Hibiscus,  lemon,  or¬ 
ange,  Kentia  sp.,  Ficus  sp.t,  and  Camellia .1  It  is  one  of  the  larger 
scales,  being  about  .2  inch  in  length.  It  is  oval,  more  or  less  con- 


Fig.  35.  Hemispherical  Scale,  Saissetia  he  mi-  Fig  36.  Hemispherical  Scale,  Saissetia 

sphcenca,  on  fern.  Natural  size.  hemisphcerica.  Enlarged. 


*Kindly  determined  by  Mr.  J.  G.  Sanders,  of  the  U.  S.  Bureau  of  Ento¬ 
mology,  who  also  informed  us  that  Eucalymnatus  perforatus  Newst.,  E.  sub- 
tessellatus  Green,  and  E.  tessellatus  var.  swainsonce  Ckll.  are  synonyms  of 
E.  tessellatus  Sign. 

tPests  of  House  and  Ornamental  Plants.  Special  Bull.  Mich.  Agr.  Ex- 
per.  Station,  No.  2,  p.  33.  Agricultural  College,  Mich. 

^Reported  as  a  food  plant,  but  not  found  infested  in  Illinois. 
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vex,  smooth — there  being  no  prominent  ridges — and  yellowish- 
brown,  or  darker,  in  color.  The  young  are  elliptical  or  oval,  flat, 
and  pale,  those  recently  born  being  transparent,  or  nearly  so, 
which  makes  them  inconspicuous  on  the  foliage.  Like  the  tessel¬ 
lated  palm  scale,  the  adult  female  bears  living  young. 

The  Hemispherical  Scale  ( Saissetia  hemisphccrica  Targ.*,  Fig. 
35,  36)  is  very  similar  in  appearance  to  the  soft  scale,  above 
mentioned,  the  two  being  indistinguishable  by  the  casual  observer. 
In  addition  to  structural  differences  this  scale  differs  from  the 
soft  scale  in  its  life  history,  reproduction  being  by  means  of  eggs 
deposited  beneath  the  scale.  It  is  common  on  the  sago  palm  and 
on  ferns,  particularly  the  Boston  fernf,  and  it  has  also  been 
found  on  oleanderf,  Camellia f,  Croton ,  orangef,  and  orchidsf. 
This  species  is  almost,  if  not  quite,  as  wide-spread  as  the  soft 
scale. 

The  Pineapple  Scale  ( Diaspis  bromelice  Kern.,  Fig.  37,  38, 
39)  is  occasionally  found  on  sago  palm  and  Latania  borbonica , 


Fig.  37.  Pineapple  Scale,  Diaspis  bromelice.  Less  than  natural  size. 


but  it  seldom  becomes  numerous  enough,  according  to  our  ob¬ 
servations  in  Illinois,  to  do  any  appreciable  damage.  It  has  been 
reported,  however,  as  a  serious  pest  to  the  pineapple  ( Ananassa 

*Determined  by  J.  G.  Sanders,  thru  the  kindness  of  Dr.  L.  O.  Howard. 
Mr.  Sanders  also  reports  S.  filicum  Bdv.  as  a  synonym  of  S.  hemisphcurica. 
fReported  as  a  food  plant,  but  not  found  infested  in  Illinois. 
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sativa )  in  European  hothouses.  The  scale  is  white,  circular,  or 
nearly  so,  with  the  pale  yellowish  or  brownish  exuviae  at  one  end. 


Fig.  39.  Vineapple 

F  G.  38.  Pineapple  Scale,  Scale,  Diaspis  brumelice , 

Diaspis  female  scale.  malescale.  Greatly  en- 

Greatly  enlarged.  larged. 


Fig.  40.  Rose  Scale,  Aulacaspis  rosce  natural  size  and  enlarged:  a ,  female 
scale;  b,  male  scale.  (U.  S.  Dept,  of  Agriculture.) 


« 
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The  Rose  Scale,  Aulacaspis  roscc  Bouche,  Figure  40,  a  species 
common  in  Europe,  Australia,  and  Asia,  as  well  as  in  America,  is 
occasionally  found  in  greenhouses,  but  it  is  most  common  out-of- 
doors,  where  it  is  often  seriously  injurious  to  the  rose,  the  rasp¬ 
berry,  and  the  blackberry.  The  adult  female  scale  is  nearly  cir¬ 
cular,  and  snowy  white,  with  a  small  pale  yellowish  or  brownish 
exuvium  at  one  end,  as  shown  in  Figure  40,  a.  This  is  a  very 
conspicuous  insect,  particularly  when  the  infestation  is  bad. 

The  Fern  Scale  ( H emichionaspis  aspidistra?  Sign.)  is  one  of 
the  more  destructive  scales  infesting  greenhouse  plants  in  this 
state,  and  it  is  a  pest  of  importance  in  Europe,  Asia,  and  Austra¬ 
lia.  We  have  taken  it  on  ferns  only,  oftenest  on  the  Boston  and 
maidenhair,  which  are  liable  to  serious  injury  by  it.  Among  the 
other  more  important  greenhouse  plants  which  it  is  known  to  infest, 
are  the  orchids*,  Ficus*,  and  orange*.  The  female  scale  (Fig.  41) 


Fig.  41.  Fern  Scale,  Hemi- 
chionaspis  aspidistra ,  female 
scale.  Greatly  enlarged. 


Fig.  42.  Fern  Scale, 
H emichionaspis  aspi¬ 
distra  ,  male  scale. 
Greatly  enlarged. 


is  more  or  less  oval,  pale  or  dirty  yellowish  brown,  and  about 
.08  inch  in  length.  I  have  usually  found  the  very  conspicuous  white, 
elongate  males  (Fig.  42)  in  much  greater  numbers  than  the 
females,  which,  besides  being  less  numerous,  are  rather  incon¬ 
spicuous. 

The  Box  Scale  ( Pinnaspis  buxi  Bouche= My tilaspis  pandani 
Comst.),  Figure  43,  has  been  found  on  the  leaves  and  tender  twigs 


*Reported  as  a  food  plant,  but  not  yet  found  infested  in  Illinois. 
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Fig.  43.  Box  Scale, 
Pinnaspis  buxi.  Beng-th 
about  one  tenth  inch. 


of  box  ( Buxus )  which  had  just  been  received  from  Holland,  and 
on  sago  palm  in  greenhouses.  It  is  a  common  European  insect, 
and  has  been  occasionally  reported  from  the  eastern  United  States, 
but  never  as  a  bad  pest.  The  scale  is  elongate-ovate,  being  more 
or  less  pointed  at  one  end  and  rounded  at  the  other,  about  .1  inch 
in  length,  and  brownish  to  blackish  brown,  with  a  paler  exuvium 
at  the  pointed  end. 

The  Camellia  Scale  ( Fiorinia  dormice  Tzrg.  —  Uhleria  camellia 
Comst.)  has  been  recorded  but  once  in  Illinois,  and  then  on  the 
Kentia  palm,  but  it  has  been  reported  from  other  places  in  the 
United  States,  as  well  as  from  Europe,  Asia,  and  Australia,  as  a 
troublesome  pest  to  Camellia *,  Cycas *,  Ficus*,  and  fern*.  The 
scale  is  elongate,  about  .1  inch  in  length,  with  a  central  longitudi¬ 
nal  ridge,  and  is  yellowish  brown,  or  darker. 

Aspidiotus  cyano phylli  Sign,  is  another  of  the  rarer  scales  in¬ 
festing  greenhouse  plants  in  Illinois,  where  it  has  been  found  only 
on  Kentia  belmoreana.  Other  food  plants  are  Cyanophyllum *, 
Ficus*,  orchid*,  and  Cycas*.  Like  most  of  our  other  greenhouse 
scales,  this  species  has  a  wide  distribution,  having  been  recorded 
from  South,  as  well  as  North,  America,  as  also  from  Europe, 
Ceylon,  and  Mauritius.  The  scale  is  circular,  and  pale  brown  or 
brownish  yellow,  with  a  central,  or  nearly  central,  yellowish  ex¬ 
uvium,  which  is  usually  covered  with  a  white  secretion. 

The  Latania  Scale  (As  pidiotus  latania  Sign.=A.  cydonice  Comst.) 
is  a  tropical  species,  and  of  no  economic  importance  in  this  state. 
It  has  once  been  collected  here  on  crape  myrtle,  and  has  been  re¬ 
ported  as  infesting  orange*  and  Latania *  in  the  Southern  States. 


^Reported  as  a  food  plant,  but  not  yet  found  infested  in  Illinois. 
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The  external  scale  is  indistinguishable  from  the  greedy  scale,  de¬ 
scribed  later. 

The  Oleander  Scale  ( Aspidiotus  licderce  Vail. =-<4  nerii  Bouche; 
Fig.  44)  is  one  of  the  most  important  and  troublesome  scales  to  the 


Fig.  44.  Oleander  Scale,  Aspi - 
diotus  hederce.  About  one  twelfth 
inch  in  diameter. 

florists  of  this  state,  and  has  been  found  attacking  oleander,  or¬ 
chids,  Phoenix  sp.  and  P.  canaricnsis ,  Areca  verschaff  cltii  ,Kcntia , 
ivy,  orange*,  Cycas *,  and  Camellia*.  It  is  one  of  the  commonest 
scales  infesting  greenhouse  plants,  and  is  nearly  cosmopolitan, 
having  been  recorded  from  Europe,  Africa,  Australia,  and  South 
America,  as  well  as  found  in  this  country.  The  scale  is  nearly 
flat,  circular  in  outline,  about  .08  inch  in  diameter,  of  a  light  gray 
color,  with  a  pale  orange  or  yellowish  center  or  exuvium.  Repro¬ 
duction  is  by  means  of  eggs,  which  are  pale  yellowish  and  de¬ 
posited  beneath  the  female  scale. 

The  Greedy  Scale  (Aspidiotus  rapax  Comst.)  is  another  of  the 
nearly  cosmopolitan  species,  and  its  list  of  known  food  plants  is 
very  long.  In  this  state  it  has  been  found  only  on  Phoenix  sp. 
and  an  undetermined  palm,  and  is  seldom  troublesome.  The  scale 
is  grayish,  more  or  less  translucent  (the  yellowish  insect  being 
visible  beneath  the  external  scale),  convex,  and  with  the  exuvium 
slightly  to  one  side  of  the  center,  marked  as  a  blackish  spot. 

The  Circular  or  Florida  Red  Scale  ( Chrysotnphalus  aoniduni 
Linn  —  Aspidiotus  ficus  Ashm. ;  Fig.  45)  is  a  common  greenhouse 
scale,  ranking  in  importance  with  the  oleander  scale.  It  is  com¬ 
mon  in  greenhouses  on  grapefruit  (Citrus  decumana ),  Latania 
borbonica,  Ficus,  Kentia  sp.,  K.  forsteriana,  K.  belmorcana,  Phoenix 
sp.,  P.  canaricnsis ,  and  sago  palm.  The  scale  is  circular,  about 
.08  inch  in  diameter,  somewhat  convex,  blackish,  and  with  a  nearly 
central  orange  or  reddish  orange  exuvium. 


*Reported  as  a  food  plant,  but  not  yet  found  infested  in  Illinois. 
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Fig.  45.  Circular  Scale,  Chrysomplialus 
aonidum ,  natural  size. 


The  Chaff  Scale  ( Parlatoria  pergandii  Comst.,  Figure  46)  is 
widely  distributed,  and  we  have  found  it  very  common  in  green¬ 
houses  on  orange  and  lemon  foliage,  where  it  is  found  clustered 
along  the  larger  leaf-veins.  The  scale  is  of  a  dirty  gray  color, 
nearly  circular,  and  with  the  cast  skin,  or  exuvium,  at  one  end. 
The  eggs,  deposited  beneath  the  female  scale,  are  purplish  in  color, 
as  are  the  young  larv?e  also. 


Fig.  46  Chaff  Seal", 
Purlatoi  ia  pergandii , 
greatly  enlarged. 


Parlatoria  proteus  Curt,  is  a  rare  species  in  Illinois,  and  has 
been  found  only  on  sago  palm  in  small  numbers.  It  is  cosmopoli¬ 
tan,  and  infests  various  greenhouse  and  tropical  plants.  The  scale 
as  more  or  less  oval  and  of  a  brownish  yellow  color.  The  ex¬ 
uvium  is  at  one  end,  and  nearly  half  the  length  of  the  scale. 

Life  History. — All  of  the  scales  have  a  similar  life  history, 
which  may  be  briefly  sutnmarized  as  follows :  The  eggs,  which 
are  the  usual  means  of  reproduction,  are  deposited  beneath  the 
scale,  and  from  these,  larvae  are  hatched,  which  have  legs,  and 
are  able  for  a  little  time  to  travel  short  distances.  Soon,  how¬ 
ever,  they  settle  on  the  leaves  or  bark,  as  the  case  may  be,  forming 
a  thin  scale  over  their  bodies  and  losing  their  power  of  locomo¬ 
tion.  The  females  remain  stationary  for  the  rest  of  their  Jives, 
growing,  however,  and  forming  larger  and  more  protective  scales. 
Upon  becoming  mature  they  are  fertilized  by  the  winged  males  and 
deposit  several  hundred  eggs — or  in  some  cases  give  birth  to  liv¬ 
ing  young — beneath  the  scale.  The  male  scales,  which  are  elon- 
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gate  and  often  whitish  in  color,  undergo  a  more  complete  meta¬ 
morphosis,  and  when  mature  emerge  as  very  minute  winged  in¬ 
sects,  usually  pale  yellow  in  color. 

Scale  insects  obtain  their  food  as  do  the  plant-lice ;  that  is, 
they  insert  their  beaks  into  the  plant  tissue  and  live  on  the  plant 
juices.  When  abundant  they  soon  exhaust  the  life  of  the  plant. 

Treatment. — Probably  the  most  effective  treatment  against 
scale  insects  in  greenhouses  is  spraying  with  whale-oil  soap,  used 
at  the  rate  of  one  pound  of  the  soap  to  a  gallon  of  warm  water. 
At  this  strength  the  more  resistant  plants,  such  as  palms  and 
Ficus,  will  not  be  injured,  but  for  ferns  this  remedy  is  un¬ 
safe.  Fir-tree  oil,  altho  more  expensive  and  hardly  as  effective 
as  whale-oil  soap,  is  useful  against  scales  On  ferns,  orchids,  and 
the  more  tender  plants  generally,  when  applied  at  a  rate  of  about 
i  part  to  20  parts  of  water.  The  plants  should  be  thoroly  sprayed 
with  water  three  or  four  hours  after  applying  either  of  the  above 
contact  insecticides. 

Some  of  the  scales  may  be  removed  with  water  by  using  a 
strong  pressure,  but  most  of  them  are  too  firmly  attached  for  the 
successful  use  of  this  method  unless  they  are  first  loosened  with  a 
stiff  brush.  After  using  the  water  spray  it  is  advisable  to  apply 
one  of  the  insecticides  just  mentioned,  in  order  to  destroy  any 
scales  which  may  not  have  been  dislodged  by  the  stream  of  water. 

The  Greenhouse  White  Fey 
Aleyrodes  vaporariorum  Westw. 

One  of  the  commonest  and  most  troublesome  insects  which  the 
florist  must  fight  is  the  white  fly.  Its  original  home  is  probably 
the  tropical  or  subtropical  countries,  but  at  present  it  is  found 
generally  distributed  over  Europe  and  the  United  States,  altho  in 
northern  Illinois  it  is  a  pest  only  in  greenhouses.  It  is  a  very 
general  feeder  and  can  live  on  most  greenhouse  plants,  but  is  not 
injurious  to  all  that  it  infests.  We  have  found  Salvia,  Coleus , 
Fuchsia ,  Geranium „  Pelargonium,  Ageratum,  Begonia ,  celestial 
peppers,  and  tropical  Solanums  particularly  susceptible  to  its  at¬ 
tacks.  It  obtains  its  foods  by  sucking  out  the  sap  as  do  plant-lice 
and  scale  insects. 

The  winged  adult  (Fig.  48)  is  about  3/50  of  an  inch  in  length, 
and  looks  as  if  it  had  been  dusted  with  flour — which  accounts 
for  its  popular  name.  The  minute,  irregularly  ovoid,  yellowish 
green  eggs  are  deposited  on  the  under  surface  of  the  leaves,  to 
which  each  is  attached  by  a  very  short,  slender  peduncle,  or  stem. 
Recently  hatched  larv?e  are  flat,  oval  in  outline,  and  transparent 
or  translucent  according  to  age.  They  settle  upon  the  leaf  in  the 
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immediate  vicinity  of  the  empty  egg-shells,  soon  attaching  them¬ 
selves,  and  there  they  remain  (Fig.  47)  until  adult.  During  the 
immature  stages  the  individual  molts  four  times,  becoming  adult 
at  the  last  molt.  The  entire  life  period  of  the  insect,  from  the 
time  the  egg  is  deposited  until  the  adult  emerges,  is  a  month  to 
five  and  a  half  weeks  at  the  ordinary  greenhouse  temperature  in 
summer. 


Fig.  47.  White  Fly ,  Aleyrodes  vapor anorum,  nymphs 
on  leaf.  Twice  natural  size.  (Connecticut  Experi¬ 
ment  Station.) 

The  presence  of  the  white  fly  is  easily  detected,  owing  to  its 
conspicuous  white  wings.  When  infested  plants  are  disturbed  the 
insects  take  flight,  and  if  numerous  arise  in  clouds.  Plants  are 
often  so  badly  infested  that  they  wilt  down  during  the  warmer 
parts  of  the  day,  and  finally  succumb  owing  to  the  loss  of  sap. 


Fig.  48.  White  Fly,  Aleyrodes  vaporartorum,  adults 
on  leaf.  Twice  natural  size.  (Connecticut  Experi¬ 
ment  Station.) 
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Sometimes  the  dropping  of  the  lower  leaves  is  indicative  of  their 
presence.  The  larvae  and  pupae  secrete  a  honeydew,  which  falls 
on  the  upper  surface  of  the  leaves  below  them,  and  on  badly  in¬ 
fested  plants,  where  this  sweetish  liquid  becomes  abundant,  a 
sooty  fungous  growth  appears  on  the  surface  of  the  leaves  cov¬ 
ered  with  the  honeydew,  and  this  growth  hastens  the  death  of 
the  plants. 

Natural  Enemies. — In  the  university  greenhouse,  at  Urbana, 
many  of  the  plants,  especially  Salvia  and  pansy  geranium,  were 
badly  infested  with  the  white  fly,  but  a  month  or  so  later  they 
were  almost  completely  freed  from  it,  owing  to  the  appearance 
of  a  minute  hymenopterous  parasite  which  multiplied  so  fast  that 
the  white  fly  was  unable  to  hold  its  own.  This  parasite  proved 
to  be  a  new  species,  and  has  recently  been  described  by  Mr.  A. 
A.  Girault  as  Encarsia  versicolor  *  It  attacks  the  immature  forms 
of  the  white  fly,  and  parasitized  young  may  be  recognized  by  their 
black  appearance,  those  not  parasitized  being  pale  greenish. 

We  have  also  found  the  ladybirds  very  beneficial  in  destroy¬ 
ing  larvae  and  pupae  of  the  white  fly. 

Remedies. — Fumigation  with  hydrocyanic  acid  gas  is  by  far 
the  most  efficient  known  means  of  controlling  this  pest  in  green¬ 
houses.  In  moderately  tight  houses  it  may  be  used,  for  an  all- 
night  fumigation,  at  a  strength  of  i  ounce  of  cyanide  of  potassium 
to  3500  cubic  feet  of  space.  It  is  necessary  to  fumigate  three  or 
four  times  at  intervals  of  about  ten  davs  to  two  weeks. 

The  materials  necessary  for  fumigation  with  hydrocyanic  acid 
gas  are  potassium  cyanide  (98  to  99  percent  pure),  commercial 
sulphuric  acid,  and  water;  and  the  utensils  required  are  half¬ 
gallon  or  gallon  stone,  earthen,  or  granite  jars,  and  a  supply  of 
ordinary  small  paper  bags. 


*Encarsia  versicolor  species  novum,  a  Eulophid  Parasite  of  the  Green¬ 
house  Whiteflv,  Alcyrodcs  vaporariorum  Westwood.  Psyche,  Vol.  XV,  No. 
3  (June,  1908),  pp.  53-57-  Cambridge,  Mass. 
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It  is  impossible  to  give  a  set  formula  prescribing  the  exact 
quantity  of  potassium  cyanide  to  be  used,  owing  to  differences  in 
the  tightness  of  greenhouses.  In  those  of  average  tightness  I 
have  used  it  on  roses  and  cucumbers,  without  injury  to  them,  at 
the  rate  of  i  ounce  to  3000  cubic  feet  of  space. 

The  number  of  cubic  feet  in  the  house  should  first  be  accurately 
calculated.  The  method  of  doing  this  may  be  illustrated  by  a 
simple  computation  based  on  the  dimensions  given  in  the  accom¬ 
panying  figure,  (Fig.  49)  the  understanding  being  that  the  length 
of  the  house  is  100  feet.  The  cubic  contents  of  the  rectangular  part 
of  the  house,  a  c  d  e,  equals  24X6X100=14,400  cubic  feet;  that 
of  the  triangular  part  a  b  x  equals  8X&X  100-^-2=3200  cubic  feet; 
and  that*  of  the  other  triangular  part  b  c  x,  equals  8X  16X  iocK-2= 
6400  cubic  feet.  The  cubic  contents  of  this  house  are,  therefore, 
14,400+3200+6400=24,000  cubic  feet.  Assuming  the  house  to 
be  of  no  more  than  the  average  tightness,  we  may  safely  use  the 
potassium  cyanide  at  the  rate  of  1  ounce  to  every  3000  cubic  feet 
of  space,  and  24,000  divided  by  3000  (24,000-^-3000=8)  gives 
the  number  of  ounces  required  in  this  illustrative  case. 

The  next  procedure  is  to  get  the  materials  in  readiness  for 
use,  and  to  place  the  jars  in  the  house.  For  every  ounce  of  the 
potassium  cyanide  used,  2  ounces  of  sulphuric  acid  and  4  ounces 
of  water  are  required.  Two  ounces  of  the  cyanide  is  about  the 
right  quantity  for  each  half-gallon  jar,  therefore  for  a  house  of 
the  above  dimensions  4  jars  should  be  placed  at  equal  intervals 
along  the  aisles,  and  the  8  ounces  of  cyanide  divided  into  four 
equal  parts,  and  each  part  put  into  one  of  the  paper  bags.  These 
are  used  not  only  for  convenience  in  handling  the  cyanide  when 
placing  it  in  the  jars,  but  also  because  they  slightly  delay  the 
action  of  the  acid  upon  it,  thus  giving  the  fumigator  ample  time 
to  leave  the  house  before  the  reaction  occurs. 

The  jars  being  placed  and  the  cyanide  properly  weighed  and 
bagged,  the  next  step  is  to  close  the  ventilators  in  order  to  pre¬ 
vent  all  avoidable  escape  of  the  gas.  The  water — 4  fluid  ounces 
to  each  avoirdupois  ounce  of  cyanide — is  then  placed  in  each  jar, 
the  sulphuric  acid — half  as  much  as  of  the  water — is  added,  and 
as  soon  after  as  possible  the  bags  of  cyanide  should  be  put  into 
the  jars  and  the  house  vacated  immediately.  Doors  should  be 
locked  and  labels  posted  indicating  the  danger.  No  one  should 
enter  the  house  until  it  has  been  thoroly  aired  by  opening  the  side 
doors,  and,  if  convenient,  the  ventilators  also.  It  is  best  to  fumi¬ 
gate  in  the  evening,  keeping  the  house  closed  until  morning.  I 
have  never  found  a  greenhouse  so  tight  that  the  fumes  would 
remain  in  it  in  dangerous  quantity  all  night;  nevertheless,  it  is 
safest  to  air  the  house  well  before  entering. 
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The  following"  precautions  and  miscellaneous  directions  should 
be  observed : 

As  cyanide  of  potassium  is  a  powerful  poison  it  should  be 
handled  as  little  as  possible,  and  if  touched  with  the  bare  hands 
they  should  be  thoroly  washed  at  once.  It  should  be  stored  in 
tightly  closed  cans  or  jars,  plainly  labeled,  and  kept  where  it  will 
be  inaccessible  to  persons  not  acquainted  with  its  poisonous  prop¬ 
erties.  Only  a  grade  which  is  98  to  99  percent  pure  should  be 
used. 

Sulphuric  acid  should  not  come  in  contact  either  with  hands 
or  clothes,  as  it  will  severely  burn  the  flesh  and  ruin  the  clothes. 
It  must  not  be  placed  in  metal  receptacles,  as  it  will  soon  eat 
thru  them. 

Always  put  the  water  into  the  jars  first,  adding  the  acid  later. 
Never  pour  water  into  the  undiluted  acid.  After  placing  it  in  the 
jars  the  bags  of  cyanide  should  be  added  as  soon  as  possible,  for 
any  delay  will  interfere  with  the  proper  reaction  of  the  chemi¬ 
cals,  owing  to  the  fact  that  the  acid  acts  most  powerfully  when 
it  first  unites  with  the  water.  The  manner  of  putting  the  cyanide 
into  the  acid  is  also  important.  The  bags  should  not  be  held  a 
foot  or  more  above  the  jars  and  dropped  in,  as  the  concussion 
might  cause  them  to  be  thrown  out  by  the  reaction.  Each  bag 
must  be  carefully  laid  in  the  jar,  but  the  fumigator  must  not  lean 
over  the  jar  as  he  does  it,  nor  remain  near  it  to  watch  the  re¬ 
action. 

The  best-shaped  jar,  when  using  2  ounces  of  cyanide  to  a  jar, 
is  one  4  or  5  inches  in  diameter  and  about  9  inches  high.  If 
more  cyanide  is  to  be  used  in  each  receptacle  a  larger  jar  must 
be  used. 

The  foliage  of  plants  to  be  fumigated  should  be  perfectly  dry, 
otherwise  the  gas  will  be  absorbed  and  the  foliage  injured. 

Fumigate  in  the  cooler  parts  of  the  day,  and  avoid,  if  possi¬ 
ble,  a  temperature  above  6o°  to  65°  F.,  since  at  a  higher  one 
plants  are  more  liable  to  be  injured. 

After  a  few  fumigations  the  operator  often  becomes  less  at¬ 
tentive  to  the  prescribed  directions  and  precautions.  This  tend¬ 
ency  should  be  promptly  checked,  the  utmost  care  and  caution 
being  uniformly  exercised. 

Fumigation  with  tobacco  stems  or  with  any  of  the  commercial 
tobacco  extracts  is  partially  effective,  and  where  the  use  of  hy¬ 
drocyanic  acid  gas  is  impracticable  this  treatment  is  recommended. 
More  fumigations  will  be  required,  but  if  persistently  followed 
up,  the  white  fly  can  be  kept  in  check  by  this  means. 

In  houses  which  are  not  sufficiently  tight  for  successful  fumi¬ 
gation,  the  plants  should  be  sprayed  with  a  solution  of  whale-oil, 
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or  some  other,  soap.  Whale-oil  soap  should  be  used  as  directed 
on  page  120  for  plant-lice.  Other  soaps,  preferably  “tak-a-nap”  or 
“ivory,”  may  be  used  with  success — dissolving  1  pound  in  6  to 
8  gallons  of  water — and  are  preferred  to  the  whale-oil  soap  for 
some  plants  on  account  of  the  disagreeable  odor  of  the  latter.  In 
spraying  it  is  necessary  to  reach  the  under  side  of  the  leaves,  for 
the  liquid  is  effective  only  when  it  comes  in  contact  with  the  in¬ 
sects. 

The  Orchid  Isosoma 
Isosoma  orchideariim  Westw. 


The  Chalcididce ,  to  which  family  the  orchid  Isosoma  belongs, 
were  long  believed  to  be  merely  parasitic  upon  other  insects,  but 
it  has  been  proven  by  entomologists  that  the  species  under  dis¬ 
cussion,  as  also  other  Isosomas,  are  phytophagous — plant-feeders 
— and  often  very  destructive  to  cultivated  crops.  The  orchid 
Isosoma  was  first  described  in  England  in  1869,  where  it  was 
probably  introduced  on  Cattleyas  from  South  America.  The  first 
recorded  date  of  its  presence  in  the  United  States  seems  to  be 
1889,  when  the  editors  of  “Insect  Life”  determined  as  probably 
of  this  species  an  Isosoma  found  infesting  Cattleyas  recently  im¬ 
ported  from  the  tropics,  presumably  from  New  Granada,  the  in¬ 
formation  and  specimens  having  been  received  from  Mr.  Albert 
P.  Morse,  of  South  Natick,  Mass.* 

This  insect  has  occasionally  come  to  our  notice  as  an  orchid 
pest  in  Illinois  during  the  past  few  years,  the  first  office  record 
for  it  being  in  1904,  when  infested  plants  were  received  at  the 
State  Entomologist’s  office  from  Mr.  R.  H.  Warder,  Superin- 


Fig  50.  Orchid  bud 
injured  by  larvae  of 
Orchid  Isosoma,  Iso¬ 
soma  orchidearum. 


Fig.  51.  Orchid  Isosoma,  Isosoma  orcludearum , 
adult.  Length  about  one  seventh  inch. 


*The  Orchid  Isosoma  in  America.  Insect  Life,  Vol.  II,  Nos.  7  and  8, 
Jan.  and  Feb.,  1890  [written  Dec.  3,  1889I,  pp.  250-251. 
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tendent  of  Lincoln  Park,  Chicago,  and  the  adult  insect  bred  from 
them  by  Prof.  F.  M.  Webster,  at  that  time  an  assistant  of  the 
office. 

Buds  infested  by  the  orchid  Isosoma  become  badly  swollen  at 
the  point  of  attachment,  and  if  examined  will  be  found  to  contain 
a  white  maggot-like  larva — perhaps  more  than  one.  The  char¬ 
acteristic  enlargement  of  an  infested  bud,  and  the  cavity  within, 
are  well  shown  in  the  accompanying  illustration  (Fig  50).  After 
the  adult  (Fig.  51)  escapes,  the  basal  bud-scale  changes  to  a  red¬ 
dish  color,  and  later  becomes  blackish.  An  infested  pseudo-bulb 
never  produces  a  flower.  Furthermore,  a  plant  badly  infested 
loses  its  vigor,  and  if  the  attacks  are  not  checked  it  will  die  in 
a  year  or  two.  We  have  found  only  orchids  of  the  genus  Cattlcya 
infested  by  this  insect,  and  it  apparently  has  a  decided  preference 
for  species  known  to  florists  as  C.  gigas  and  C.  labiata. 

The  adult  (Fig.  51)  is  a  small,  clear-winged,  wasp-like  insect, 
with  the  head  and  thorax  dull  black  and  the  abdomen  shining 
black.  The  female  is  about  1/7  of  an  inch  in  length — the  male 
is  somewhat  shorter — and  has  a  long,  slender  ovipositor,  which 
is  ordinarily  concealed  in  a  sheath  on  the  under  side  of  the  ab¬ 
domen.  By  means  of  this  long  ovipositor  the  egg  is  placed  in 
the  center  of  the  small  flower-bulb,  near  the  base,  and  the  small 
larva  hatching  later,  feeds  on  the  tissues,  and  burrows  out  a  small 
cavity  in  the  center,  the  embryo  flower-bud  within  being  thus 
destroyed.  Altho  the  female  usually  inserts  several  eggs  in  a  bulb, 
each  one  is  deposited  singly.  The  small,  individual  cavities,  as 
they  are  enlarged  bv  the  larvae,  merge  in  a  single  larger  burrow. 
When  full  grown  the  larva  changes  to  a  whitish  pupa  and  later 
to  the  adult  insect,  which  in  due  time  escapes  from  the  bulb.  Ac¬ 
cording  to  observations  made  by  Decaux  in  greenhouses  in  France, 
the  total  life  cycle  requires  at  least  50  or  60  days.* 

The  following  interesting  particulars  are  taken  from  unpub¬ 
lished  notes  of  Professor  Webster. 

Buds  were  received  April  15,  1904,  at  which  time  one  of  the 
blossom-buds  was  badly  swollen  at  the  base,  indicating  the  pres¬ 
ence  of  the  larva.  The  bud  was  growing  somewhat  pointed,  with 
the  point  rather  hook-shaped  and  turned  upward.  “The  infested 
bud  continued  to  grow  but  retained  the  original  shape  [above 
described],  nothing  developing  till  May  28,  when  winged  adults 
of  this  species  of  Isosoma  [/.  orchid earum ],  of  both  sexes,  ap¬ 
peared  in  the  cage.  There  were  no  visible  holes  in  the  bud  where¬ 
by  the  insects  escaped  from  it,  and  they  must  have  issued  from 

*Note  pour  servir  a  l’fitnde  de  la  Mouche  des  Orchidees,  Isosoma  orchid- 
ccarum.  (Westwood).  Le  Naturaliste,  Ser.  2,  No.  255*  Oct.  15.  tSo/,  pp.  233" 
2 37.  7  figures. 
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the  base,  leaving  no  indication  of  the  exact  point.’’  In  pairing, 
the  male  “runs  backward  and  forward  over  the  back  of  the  female, 
seeming  to  stroke  the  head  and  antennae  with  his  own  with  a 
jerky  motion,  when  he  will  at  once  run  back  and  attempt  to  cop¬ 
ulate,  but  if  the  female  is  not  in  the  desired  position,  he  will  run 
forward  along  her  back  and  go  thru  the  same  maneuvers.  On  the 
morning  of  May  30  they  appeared  to  have  finished  their  work  of 
pairing  and  ovipositing,  and  both  sexes  were  found  seemingly 
nearly  dead  in  the  bottom  of  the  cage.” 

Remedial  Measures. — The  most  efficient  and  economical  known 
means  of  keeping  this  orchid  Isosoma  in  check  is  fumigation  once 
a  week  with  one  of  the  nicotine  extracts,  to  kill  the  “flies.”  This 
method,  however,  can  not  be  practiced  when  the  flowers  are  in 
blossom,  for  a  strength  which  will  kill  the  adults  is  likely  to  in¬ 
jure  the  delicate  flowers. 

Cutting  off  and  destroying  infested  bulbs  is  the  method  most 
commonly  adopted  by  florists,  and  it  will,  in  time,  if  persistently 
practised,  eradicate  the  pest ;  but  this  measure  may  prove  expen¬ 
sive  because  of  the  great  value  of  the  flowers,  and  altho  infested 
bulbs  will  never  flower,  it  is  often  difficult  to  detect  them,  and  one 
will  sometimes  sacrifice  a  good  flower-bulb  by  mistake.  The  plants 
should  be  examined  regularly  once  a  week  for  infested  bulbs. 

It  has  been  suggested  by  M.  Gazagnaire*,  who,  with  M.  Kunckel 
d'Herculais  studied  this  injury  to  orchids  in  greeenhouses  in  Paris, 
that  the  larva  could  be  killed  by  inserting  a  triangular  dissecting 
pin  into  various  parts  of  the  gall-like  swelling,  the  supposition 
being  that  the  pin  will  pierce  the  larva  and  cause  its  death.  If, 
however,  the  larva  is  present,  it  will  already  have  destroyed  the 
embryo  flower-bud,  and  if,  by  mistake,  an  uninfested  bulb  is  thus 
pierced,  the  flower-bud  is  likely  to  be  ruined,  so  it  will  probably 
be  better  to  adopt  the  method  of  cutting  off  and  destroying  the 
bulbs  supposed  to  be  infested,  as  above  recommended,  for  besides 
being  easier  it  will  beyond  a  doubt  destroy  the  insect — a  result 
which  can  not  be  certainly  counted  on  if  the  needle  method  is  used. 

Decaux,  in  the  article  cited  on  page  136,  has  suggested  the  in¬ 
jection  of  carbon  bisulfid  or  nicotine  into  the  infested  bulbs;  but 
this  is  open  to  the  same  objection  as  is  the  remedy  suggested  by 
M.  Gazagnaire. 

In  obtaining  stock  it  should  be  subjected  to  the  most  careful 
inspection,  to  make  sure  that  it  is  not  infested. 

The  three  following  pests  have  been  noticed  doing  more  or 
less  damage  to  greenhouse  plants,  and  altho  not  insects  they  may 
profitably  be  treated  in  this  connection. 


*Ann.  Soc.  Ent.  de  France,  1888,  Bull.,  p.  XXITT. 
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A  New  Fern-Asparagus  and  Smiuax  Root-borer 
Scolopcndrclla  immaculata  Newport 

This  myriapod-like  animal,  a  very  small  whitish  creature,  was 
observed  burrowing  into  the  young  and  tender  rootlets  of  fern 
asparagus  ( Asparagus  plitmosus)  and  smilax  in  a  Cook  county 
greenhouse  in  1908.  A  letter  reporting  the  trouble  stated  that  the 
asparagus  had  been  planted  for  some  time,  but  had  failed  to  make 
any  appreciable  growth.  On  examining  the  roots  the  cause  was 
discovered,  the  depredator  proving  to  be  Scolopcndrclla  immac¬ 
ulata ,  an  exceedingly  interesting  species,  as  it  has  been  variously 
classed  by  zoologists  as  a  true  insect  and  as  a  myriapod — more 
commonly  known  as  a  thousand-legged  worm. 

A  separate  order  (Sym  phyla)  has  been  named  by  Mr.  John  A. 
Ryder  for  the  genus  to  which  this  species  has  been  assigned*, 
since  he  regards  it  as  being  neither  a  true  insect  nor  a  true  myria¬ 
pod,  but  as  constituting  the .  connecting  link  between  the  classes 
Insecta  and  Myriapoda,  as  it  has  the  head  of  the  Collcmbola,  the 
lowest  order  of  insects,  and  the  body  of  a  myriapod. 

I  have  been  unable  to  find  any  reference  to  injury  by  Scolo¬ 
pcndrclla,  its  usual  habit  being  given  as  beneath  stones  and  boards 
in  moist  places.  In  the  houses  above  mentioned  the  little  pest 
was  found  burrowing  into  the  tender  rootlets,  and  it  was  so  abun¬ 
dant  that  the  new  roots  were  tunneled  and  killed  almost  as  fast 
as  they  appeared.  Entrance  is  usually  made  along  the  side  of  the 
rootlets  thru  a  small  circular  hole,  and  the  little  creature  then  be¬ 
gins  to  hollow  out  the  root.  The  infested  soil  had  been  sterilized, 
but  owing  to  the  “solid”f  benches,  or  beds,  the  tops  of  which 
were  only  about  a  foot  above  the  floor  of  the  house,  the  animals 
came  up  from  the  unsterilized  earth  below,  and  from  surrounding 
places,  and  reinfested  the  sterilized  soil. 

Scolopcndrclla  immaculata  is  about  .1  inch  in  length  when  full 
grown,  whitish  in  color,  with  filiform  antennae,  and  twelve  pairs 
of  legs.  The  immature  form  bears  only  three  pairs  of  fullv  de¬ 
veloped  legs,  and  has  a  remarkable  resemblance  to  the  whitish 
Collcmbola  which  is  always  to  be  found  in  greenhouse  soil.  It 
is  very  active,  running  quickly  to  cover  when  exposed. 

Remedial  Measures. — The  only  method  known  to  rid  the  soil 
of  these  pests  is  sterilization.  This  process  has  been  fully  dis¬ 
cussed  in  connection  with  remedies  for  the  variegated  cutworm 
(pages  87-88).  In  addition  it  should  be  said  that  the  benches  must 

*Scolopendrella  as  the  Type  of  a  New  Order  of  Articulates  (Symphyla). 
Am.  Nat.,  Vol.  XIV,  May,  1880,  pp.  375-376. 

fThis  term  is  in  common  use  among  florists,  and  refers  to  benches  which 
have  no  artificial  bottom ;  that  is,  no  bottom  other  than  the  earth  itself. 
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not  be  solid  ones,  and  that  they  should  be  raised  above  the  floor 
surface,  with  a  space  between  the  bottom  of  the  bench  and  the 
floor  of  the  house ;  for  while  the  little  creatures  may  crawl  up 
the  sides  of  the  low  bench  from  adjoining  benches,  they  will  not 
do  this,  according  to  our  observations,  if  the  benches  are  slightly 
raised  as  indicated. 

The  Carnation  Bud-rot,  and  the  Mite  ( Pediculopsis 
graminum  Reuter)  accompanying  it 

In  the  fall  of  1907  carnation  buds  in  many  of  the  greenhouses 
around  Chicago  were  found  to  be  characteristically  deformed, 
sometimes  being  more  or  less  lop-sided,  and  in  every  case  with 
the  inner  petals  closed  at  the  top,  the  bud  looking  as  if  all  the 
petal  tips  were  fastened  together  in  the  center.  Upon  dissection 
the  inner  parts  of  these  buds  were  found  to  be  more  or  less  de¬ 
cayed,  and  usually  contained  one  or  more  glistening  whitish  egg¬ 
like  bodies,  which  proved  to  be  female  mites,  with  greatly  dis¬ 
tended  abdomens.  The  diseased  buds  were  shown  to  Mr.  H.  F< 
Hodgkiss,  at  that  time  connected  with  this  office,  who  informed 
me  that  the  trouble  was  one  which  he  and  Mr.  F.  C.  Stewart  had 
been  investigating  in  New  York  State.  Since  then,  Messrs.  Stewart 
and  Hodgkiss  have  published  a  very  carefully  prepared  paper  on 
this  bud-rot  and  the  mite  accompanying  it.* 

This  rot  is  caused  by  a  species  of  fungus  ( Sporotrichum  pocc 
Pk.),  which  also  causes  the  silver-top  of  June-grass,  and  the  mite 
mentioned  above  as  being  usually  found  in  diseased  carnation 
buds,  has  also  been  found  accompanying  the  fungus  on  grass. 
Altho  the  mite  is  not  the  direct  cause  of  the  injury,  observations 
made  in  Illinois  indicate  that  it  is  the  chief  means  of  conveying 
the  fungus  spores  to  the  buds,  and  from  one  bud  to  another.  In 
all  cases  the  rotting  begins  in  the  center  of  the  bud,  whereas  it 
would  no  doubt  sometimes  be  found  beginning  from  the  outside 
if  the  spores  were  disseminated  by  wind  or  water.  Furthermore, 
in  all  of  the  greenhouses  around  Chicago  where  the  bud-rot  was 
found,  sod  soil  was  used;  and  the  trouble  appears  only  in  fall, 
shortly  after  the  soil  has  been  renewed. 

From  observations  in  Illinois  certain  varieties  of  carnations 
seem  to  be  more  susceptible  to  this  injury  than  others.  For  ex¬ 
ample,  the  white  varieties,  such  as  Lawson  and  Perfection,  were 
the  worst  attacked.  The  pink  and  light  red  varieties  were  only 
slightly  affected,  while  among  the  dark  red  ones  I  have  found  no 
rotting  buds.  It  is  noteworthy  that  in  Illinois,  New  York,  and 

*The  Sporotrichum  Bud-Rot  of  Carnations  and  the  Silver  Top  of  June 
Grass.  Tech.  Bull.  N.  Y.  Agr.  Exper.  Station,  No.  7  (Oct.,  tqo8).  Geneva. 
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Nebraska — the  only  states  from  which  this  injury  has  been  re¬ 
ported — the  Lawson  is  the  worst  and  most  commonly  affected 
variety. 

As  indicated  above,  the  buds  are  first  seen  to  be  attacked  early 
in  the  fall,  as  the  first  flowers  appear,  and  diseased  buds  become 
most  abundant,  under  ordinary  conditions,  about  the  latter  part 
of  October  or  the  first  of  November.  In  houses  where  the  blos¬ 
soms  are  regularly  picked,  the  trouble  almost  entirely  ceases  late 
in  December  or  by  the  middle  of  January.  It  thus  appears  that 
the  mite,  bearing  the  fungus  spores,  is  carried  into  the  houses  in 
the  sod  soil  in  summer,  and  that  as  soon  as  the  flower-buds  begin 
to  appear  it  ascends  the  plant  and  enters  the  immature  carnation 
bud.  The  spores  carried  by  the  mite  find  a  suitable  breeding  place 
in  the  bud,  and  in  a  comparatively  short  time  decay  sets  in, — a 
condition  most  favorable  to  the  breeding  of  the  mite.  The  female, 
which  is  very  minute  when  it  first  enters  the  bud,  is  sooner  or 
later  fertilized,  and  its  abdomen  becomes  greatly  swollen  by  rea¬ 
son  of  the  developing  eggs  within.  The  young  hatch  within  the 
abdomen  of  the  female  and  remain  there  until  fully  mature,  by 
which  time  the  abdominal  sac  disintegrates,  thus  freeing  them. 
Some  of  the  mites  now  crawl  to  other  buds,  and  probably  in  most 
cases  carry  with  them  spores  of  the  fungus. 

Remedial  Measures. — The  statement  of  Dr.  F.  D.  Heald*  that 
this  rot  is  a  disease  of  neglected  houses  is  not  true  for  Illinois, 
as  I  have  found  it  cpiite  as  prevalent  in  the  best-managed  estab¬ 
lishments  as  elsewhere.  It  is  true,  however,  that  in  houses  where 
buds  are  not  regularly  picked  off,  the  disease  will  remain  for  a 
more  extended  period. 

The  only  line  of  treatment  which  can  be  recommended  is  the 
gathering  and  burning  of  all  infested  buds,  and  as  these  are  easily 
and  quickly  recognizable,  it  may  be  done  at  slight  expense  of  time 
and  money.  As  the  decay  is  usually  evident  before  a  new  genera- 
tion  of  mites  is  developed,  and  as  the  latter  scatter  slowly,  the 
prompt  and  continuous  destruction  of  all  affected  buds  will  gradu¬ 
ally  and  considerably  lessen  the  number  of  new  infestations. 

Foliar  Eel-worm 
Aphelenchus  olesistus  Bost 

During  the  winter  of  1907-08,  in  one  of  the  Chicago  green¬ 
houses,  my  attention  was  called  to  a  peculiar  spotting  of  the  leaves 
of  the  Gloire  de  Lorraine  begonia.  (Fig.  52.)  Upon  examination 

*The  Bud-Rot  of  Carnations.  Bull.  Neb.  Agr.  Exper.  Station,  No.  103 
(Jan.  10.  1908),  pp.  12-13.  Lincoln. 

JThe  species  has  kindly  been  determined  for  us  by  Dr.  N.  A.  Cobb.  Agri¬ 
cultural  Technologist  for  the  Bureau  of  Plant  Industry,  U.  S.  Department  of 
Agriculture. 
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it  was  found  to  be  due  to  species  of  nematodes  popularly  known 
as  eel-worms.  This  spotting  is  very  characteristic,  and  appears 
on  the  surface  of  the  leaves  as  brownish,  more  or  less  circular 
blotches,  which  gradually  enlarge  and  become  irregular  in  outline. 
When  the  infestation  is  had  the  leaves  curl  under  and  soon  fall 
from  the  plant.  Not  only  is  the  beauty  of  the  plant  ruined,  but 
the  dropping  of  the  leaves  and  the  loss  of  vitality  keep  it  con¬ 
tinually  stunted. 

Perhaps  the  first  record  of  these  foliar  eel-worms  in  America 
was  that  of  Professor  Byron  D.  Halsted*,  who  found  them  in  the 
leaves  of  chrysanthemum.  He  has  written  on  foliar  nematodes 
in  various  issues  of  Garden  and  Forest,  and  also  in  several  re¬ 
ports  of  the  New  Jersey  Agricultural  Experiment  Station.  He 
has  reported  finding  them,  in  New  Jersey,  in  the  leaves  of  chry¬ 
santhemums,  Coleus ,  Bouvardia,  Lantana,  Begonia,  Pelargonium, 
Salvia,  Zinnia,  moonflower,  fern,  and  Ficus  carnosa.  Specimens 
in  infested  leaves  of  the  first  three  named  plants  were  examined 
for  Professor  Halsted  by  Professor  Geo.  F.  Atkinson,  who  called 
them  a  new  species  of  eel-worm,  which  he  placed  in  the  genus 
Aphelenchus.  Mr.  Wm.  C.  Sturgis  has  reported  finding  eel-worms 
in  Connecticut  in  the  leaves  of  asters. f  This  nematode  also  was 
examined  by  Professor  Atkinson,  who  determined  it  as  a  species 
of  Aphelenchus.  These  are  the  only  original  records  of  leaf-infest¬ 
ing  eel-worms  to  which  T  have  access. 

The  worms  causing  this  leaf  injury  are  very  minute,  elongate, 
somewhat  pointed  at  each  end,  and  semitransparent.  According 
to  our  observations  they  reach  the  plant  thru  the  soil.  Mr.  J.  A. 
Valentine,  of  Denver,  Colorado,  to  whom  I  wrote  inquiring 
whether  plants  propagated  from  healthy  stock  showed  the  char¬ 
acteristic  disease,  replied  that  his  foreman  “propagated  from  ap¬ 
parently  clean  stock  which  was  secured  from  J.  A.  Peterson,  of 
Cincinnati.  The  stock  propagated  from  these  clean  plants  shows 
this  same  trouble,  altho  not  to  the  same  extent  as  plants  which 
were  propagated  from  stock  already  infested.”  Thus  it  would 
appear  that  infestation  originated  either  from  the  soil,  from  the 
tools  used  in  the  work,  or  from  the  water  used  in  spraying  the 
plants.  If  infestation  is  from  the  soil,  as  is  our  supposition,  it  is 
probable  that  the  eel-worms  crawl  up  the  stems  of  the  plants, 
while  the  latter  are  small,  and  at  the  time  when  the  stem  is  moist, 
— for  example,  during  or  immediately  after  syringing.  Or  they 
may  be  washed  up  from  the  soil  on  to  the  leaves  when  syringing. 

*Nematodes  in  the  Chrysanthemum.  Garden  and  Forest,  Vol.  TIT.,  Oct. 
15,  1890,  p.  499- 

f  A  Disease  caused  by  Nematodes.  Ann.  Rep.  Conn.  Agr.  Exper.  Station, 
for  1892  (1893),  pp.  45-49-  New  Haven. 
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Fig.  52.  Begonias  injured  by  Foliar  Eel-worm,  Aphelenchus  olesistus. 
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Altho  careful  examinations  have  been  made,  I  have  never  been 
able  to  find  the  common  eel-worm  root-galls  on  the  plants  at¬ 
tacked  by  the  leaf -infesting  species. 

Dr.  E.  Molz  has  published  an  article  on  this  nematode  in  the 
Centralblatt  fiir  Bakteriologie,  Parasitcnkunde,  und  Infcktion- 
krankheiten*  in  which  he  concludes  that  the  species  is  dormant 
in  the  soil,  and  may  enter  the  branches  and  leaves  by  being  splashed 
upon  them  with  the  soil  when  syringing.  In  his  experiments, 
sterilization  with  steam  killed  the  nematodes  in  the  soil. 

Preventive  Measures. — In  propagating  plants  liable  to  be  at¬ 
tacked  by  leaf  nematodes,  it  is  first  necessary  that  the  soil  be  en¬ 
tirely  freed  from  them,  and  for  this  purpose  its  sterilization  by 
means  of  steam,  as  described  on  page  88,  is  the  best  method.  It 
is  also  necessary  that  the  plants  front  which  cuttings  are  made 
be  clean.  With  clean  soil  and  plants  to  begin  with,  there  should 
be  no  damage  by  these  pests  provided  the  tools  are  also  clean. 
If  plants  are  found  infested,  they  should  be  removed  and  de¬ 
stroyed,  as  they  are  incurable.  Eel-worms  thrive  best  in  a  moist 
atmosphere,  and  it  is  desirable  to  keep  the  houses  as  dry  as  the 
well-being  of  the  plants  will  permit.  This  can  be  better  accom¬ 
plished  by  watering  heavily  at  considerable  intervals  than  by  light 
and  frequent  watering. 

*Ueber  Aphdenchus  olesistus  Ritz.  Bos  und  die  durch  ihn  hervorgerufene 
Aelchenkrankheit  der  Chrysanthemum.  Centr.  f.  Bakt.  Abt.  II,  Bd.  XXIII 
(1909),  pp.  656-671.  Mit  1  Tafel  und  2  Textabbildungen. 
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Adiantum  hybridum  and  A.  spp.  in¬ 
fested  by  Myzus  vincae,  118. 
Ageratum  as  breeding  plant  of 
Greenhouse  Leaf-tier,  100. 
attacked  by  Greenhouse  White 
Fly,  130. 

Agrotis  saucia,  84. 

Aldrich,  J.  M.,  40. 

Aleyrodes  vaporariorum,  130-132. 

See  Greenhouse  White  Fly. 
Alternanthera,  103. 

injured  by  Alternanthera  Worm, 
103-105. 

Wo.rm,  103-106. 

Althaea  attacked  by  Melon  Aphis, 

in. 

Alyssum,  Sweet.  See  Sweet  Alys- 
sum. 

Ambrosia  artemisiaefolia  as  food 
plant  of  Garden  Flea-hopper,  114. 
American  White  Elm,  1. 

Arnmann,  J.  F.,  88,  97. 

Ananassa  sativa,  124-125. 

Angoumois  Grain  Moth,  56,  57,  58- 
61,  71,  72. 

distinctive  characters  of,  79. 
annua,  Matthiola,  101. 

Ant,  brown,  care  of  Corn  Root-aphis 
by,  120-121. 

aonidum,  Chrysomphalus,  128. 
Apanteles  glomeratus  as  parasite  of 
Greenhouse  Leaf-tier,  100. 
Aphelenchus  olesistus,  140-143.  See 
Foliar  Eel-worm, 
spp.,  141. 

Aphididae,  116-122. 

Aphids,  or  Plant-lice,  116-122.  See 
Plant-lice. 

Aphis  aquaticus,  118. 

Black,  or  Black  Chrysanthemum, 
116. 

gossypii,  117. 

maidiradicis,  damage  to  cultivated 
flowering  plants  by,  120.  See 
Corn  Root-aphis. 

Melon,  in  greenhouses,  117. 
rufomaculata,  116. 

Apple,  injured  by  Rose,  or  Oblique- 
banded,  Leaf-roller,  93. 
aquaticus,  Aphis,  118. 

Archips  rosaceana,  91-98.  See  Rose, 
or  Oblique-banded,  Leaf-roller. 
Archytes  aterrima  as  parasite  of 
Variegated  Cutworm,  86. 

Areca  infested  by  Tessellated  Palm 
Scale,  123. 


A  reca  —Continued. 

verschaffeltii  infested  by  Oleander 
Scale,  128. 

armicollis,  Magdalis,  5,  10,  13. 
Arsenate  of  lead  for  Altornanthera 
Worm,  106. 

for  Diamond-back  Moth,  103. 
•  for  Greenhouse  Leaf-tier,  100. 
for  Rose,  or  Oblique-banded, 
Leaf-roller,  97-98. 

Arsenical  poisons,  91. 

sprays  for  Rose,  or  Oblique-band¬ 
ed  Leaf-.roller,  97. 
artemesiaefoliae,  Ambrosia,  114. 

Ash,  7. 

“Asparagus  Fern’’  subject  to  injury 
by  Myzus  persicae,  117.  See  also 
Fern  Asparagus  and  Greenhouse 
Asparagus. 

greenhouse,  injury  to,  by  cut¬ 
worms,  84.  See  also  Fern  As¬ 
paragus,  “Asparagus  Fern,”  and 
Asparagus  plumosus. 
plumosus,  84,  117,  138.  See  also 
three  entries  above. 

Aspidiotus  cyanophylli,  127. 
cydoniae,  127. 
ficus,  128. 
hederae,  128. 
lataniae,  127. 
nerii,  128. 
rapax,  128. 

aspidistrae,  Hemichionaspis,  126. 
Asters,  122.  ' 

infested  by  Aphelenchus  sp.,  141, 
injured  by  Co,rn  Root-aphis,  120. 
by  Rose,  or  Oblique-banded,  Leaf- 
roller,  93. 

aterrima,  Archytes,  86. 

Atkinson,  G.  F.,  141. 

Aulacaspis  rosae,  126. 

aurea  nana,  Alternanthera,  103. 

B 

I 

Baking-powder  infested  by  Confused 
Flour-beetle,  68. 

Bark-beetles,  5. 

Barnard,  W.  S.,  25. 

Beal,  A.  C.,  94. 

Beans  as  food  of  Indian  Meal  Moth, 

66. 

infested  by  Confused  Flour-beetle, 
67. 

injured  by  Garden  Flea-hopper, 
114. 

Beets  injured  by  Garden  Flea-hop¬ 
per,  114. 
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Begonia  as  breading  plant  of  Green¬ 
house  Leaf-tier,  100. 
attacked  by  Greenhouse  White 
Fly,  130. 

injured  by  Foliar  Eel-worm,  140- 
141. 

belmoreana,  Kentia,  127,  128. 
Benzine  for  cleaning  up  infested 
mills  and  granaries,  79. 

Black  Aphis,  or  Black  Chrysanthe¬ 
mum  Aphis,  116. 

-flies  and  buffalo-gnats  (Simulium) 
as  possible  carriers  of  pel¬ 
lagra  in  Illinois,  21-55. 
as  pests  of  domesticated  ani¬ 
mals,  22,  26-27,  38,  48. 
breeding  situations  of,  28,  29- 

31. 

eggs  of,  22,  29,  30,  41,  46,  50. 
enemies  of  larvae  of,  30. 
general  description  of,  22. 
in  Illinois,  data  on  distribution 
and  life  histories  of,  21- 
22. 

discussion  of  possible  cau¬ 
sal  relations  of,  to  pel¬ 
lagra,  48-52. 
in  northern  regions,  24. 
in  tropical  America,  25. 
injuries  to  man  by,  23-26,  48. 
larvae  of,  22,  28,  29,  30. 
length  of  life  of  adult,  30. 
life  history  of  Illinois  species 
of,  28-29. 

measures  of  prevention  and  pro¬ 
tection  against,  27-28,  30. 
prevalence  of,  in  Illinois,  49. 
pupae  of,  28,  29,  30. 
reported  fatal  attacks  on  man 
by,  25. 

threatening  symptoms  in  ani¬ 
mals  attacked  by,  26-27. 
Black-fly,  the  44,  47. 

outbreaks  and  waves  of  increase 
of  pellagra,  degree  of  corre¬ 
spondence  between,  51. 

“Black  Fly”,  116. 

Blackberry  injured  by  Rose  Scale, 
126. 

borbonnica,  Latania,  124,  128. 

Borer  of  Elm,  Round-headed,  5,  10. 

See  also  Elm-borer. 

Borers,  protection  against,  10. 
Boston  Fern,  Hemispherical  Scale 
common  on,  124. 
injury  to,  by  Fern  Scale,  126. 
Bouvardia  infested  by  Aphelenchus 
sp.,  141. 

Box  infested  by  Box  Scale,  127. 

Scale,  126-127. 
bractatus,  Halticus,  113. 
bracteatum,  Simulium,  31. 

Bran  infested  by  Yellow  Meal-worm, 


brassicella,  Cerostoma,  101. 

Bread  infested  by  Saw-toothed  Grain- 
beetle,  69. 

brevilineus,  Dularius,  8. 

bromeliae,  Diaspis,  124. 

Brues,  C.  T.,  97,  100. 

Buck,  A.  E.,  25. 

Buckwheat  flour  infested  by  larva 
of  Mediterranean  Flour-moth,  63. 

Bud-rot,  Carnation,  139.  See  Carna¬ 
tion  Bud-rot. 

Buffalo-gnat,  the,  28,  38,  39,  40-41. 

Buffalo-gnats.  See  Black-flies  and 
buffalo-gnats. 

Bumble-bees’  nests  infested  by  Medi¬ 
terranean  Flour-moth,  64. 

Bureau  of  Entomology,  U.  S.  Depart¬ 
ment  of  Agriculture,  88. 

Burrill,  T.  J.,  5. 

Busck,  August,  104. 

buxi,  Pinnaspis,  126. 

Buxus  infested  by  Box  Scale,  127. 


O 

Cabbage,  103. 

Diamond-back  Moth  as  pest  of, 

101. 

liable  to  injury  by  Myzus  persicae, 
117. 

Cabot,  J.  Elliot,  24,  44. 

Cacoecia  rosaceana,  91. 

Calandra  granaria,  69-70.  See  also 
Granary  or  Black  Weevil,  81. 

oryza,  70-71.  See  also  Rice  or 
Spotted  Weevil,  81. 

Calla  Lily.  See  under  Lily  Calla. 

Callopistria  floridensis,  88,  91.  See 

Southern  Fern-Cutworm. 

Camellia  attacked  by  Soft  Scale, 
123. 

infested  by  Camellia  Scale,  127. 
by  Hemispherical  Scale,  124. 
by  Oleander  Scale,  128. 

Scale,  127. 

camelliae,  Uhleria,  127. 

canadens*'  Lilium,  104. 

canade  .ngeron,  ±14. 

Philot  118. 

canariensis,  Phoenix,  128. 

Carbon  bisulfid  for  Angoumois  Grain 
Moth,  61. 

for  Corn  Root-aphis,  121. 
fo,r  Granary  Weevil.  70. 
for  Indian  Meal  Moth,  66. 
for  Meal  Sno.ut-moth,  66a. 
implement  used  to  apply,  in 
treating  Corn  Root-aphis,  122. 
procedure  in  fumigating  with, 
76-78. 

Carduus  lanceolatus  as  food  plant  of 

Garden  Flea-hopper,  114. 
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Carnation  as  breeding  plant  of 
Greenhouse  Leaf-tier,  100. 
bud-rot  and  the  mite  (Pediculop- 
sis  graminum  Reuter)  accom¬ 
panying  it,  139-140. 
remedial  measures  for,  140. 

Carnations  as  food  plant  of  Varie¬ 
gated  Cutworm,  84. 
injured  by  Rose,  or  Oblique-band¬ 
ed,  Leaf-roller,  93. 
rank  of,  as  crop  in  Illinois,  84. 
subject  to  injury  by  Myzus  per- 
sicae,  117. 

varieties  of,  especially  liable  to 
the  bud-rot,  139-140. 

carnea,  Reineckia,  123. 

carnosa,  Ficus,  141. 

Carpet-beetles,  57. 

Case-worms  as  enemies  of  Black-fly 
larvae,  30. 

Cattle,  injuries  to,  by  black-flies,  22, 
26. 

Cattleya  gigas  and  C.  labiata  espe¬ 
cially  liable  to  injury  by  Orchard 
Isosoma,  136. 

Cattleyas  infested  by  Orchard  Iso¬ 
soma,  135,  136. 

Cauliflower,  103. 

Cayenne,  or  Red,  Pepper  infested  by 
Confused  Flour-beetle, 

67. 

by  Saw-toothed  Grain-bee¬ 
tle,  69. 

Cecidomyiidae,  110. 

Celestial  peppers  attacked  by  Green¬ 
house  White  Fly,  130. 

cerealella,  Sitotroga,  57,  58. 

Cereals  infested  by  Angoumois  Grain 
Moth,  60. 

by  Mediterranean  Flour-moth 
64. 

by  Rice-weevil,  71. 
by  Saw-toothed  Grain-beetle, 
69. 

Cercstoma  brassicella,  101. 

Chaff  Scale,  129. 

Chalcididae,  135. 

C'halcis  ovata  as  parasite  of  Rose, 
or  Oblique-banded,  Leaf-roller,  97. 

Chamaedorea  attacked  by  Soft  Scale, 
123. 

Cheiranthus  cheiri  injured  by  Dia¬ 
mond-back  Moth,  101. 

cheiri,  Cheiranthus,  101. 

Chittenden,  F.  H.,  64,  113. 

Chocolate  beans  as  food  of  Indian 
Meal  Moth,  66. 

Cholera-gnat,  38. 

Chrysanthemum  Aphis,  Black,  116. 
as  breeding  plant  of  Greenhouse 
Leaf-tier,  100. 

Chrysanthemums  attacked  by  Gar¬ 
den  Flea-hopper,  113-114. 


Chrysanthemums  Contmued. 

infested  by  foliar  nematodes,  141. 
injury  to,  by  cutworms,  84. 
plant-lice  injurious  to,  116. 
rank  of,  as  crop  in  Illinois,  84. 
varieties  of,  preferred  by  Green¬ 
house  Leaf-tier,  100. 
Chrysomphalus  aonidum,  128. 
Cineraria  as  breeding  plant  of 
Greenhouse  Leaf-tier,  100. 
subject  to  injury  by  Myzus  persi- 
cae,  117. 

Circular  or  Florida  Red  Scale,  128. 
circumflexum,  Macrosiphum,  117. 
citri,  Halticus,  113. 

Citrus  decumana  infested  by  Circu¬ 
lar  or  Florida  Red  Scale,  128. 
Clover  as  food  plant  of  Meal  Snout- 
moth,  66a. 

injured  by  Rose,  or  Oblique-band¬ 
ed,  Leaf-roller,  93. 

Cobb,  N.  A.,  140. 

Coccidae,  122-130.  See  under  Scale 
and  Scale  insects;  also  see  Aspidi- 
otus  cyanophylli  and  Parlatoria 
proteus. 

Coccus  hesperidum,  123. 

Coleus  attacked  by  Greenhouse  White 
Fly,  130. 

infested  by  Aphelenchus  sp.,  141. 
Collembola,  138. 
colonus,  Xylotrechus,  8. 

Confused  Flour-beetle,  56,  66,  67-68. 

distinctive  characters  of,  81. 
confusum,  Tribolium,  66. 

Coquillett,  D.  W.,  109. 

Corn  as  food  of  Confused  Flour-bee¬ 
tle  and  larva,  68. 
of  Granary  Weevil,  69. 
of  Meal  Snout-mouth,  66a. 
infested  by  Rice-weevil,  70. 
injury  to,  by  Angoumois  Grain 
Moth,  58. 

-meal  as  food  of  Confused  Flour- 
beetle,  67. 

infested  by  larva  of  Mediterra¬ 
nean  Flour-moth,  64. 

Root-aphis  as  a  pest  of  cultivated 
flowering  plants,  120. 
care  of,  by  attendant  ant,  120- 
121. 

cultural  methods  against,  122. 
remedial  measures  for,  120. 
Cotton  injured  by  Rose,  or  Oblique- 
bauded,  Leaf-roller,  93. 

-seed  infested  by  Dark-Meal-worm, 
72. 

by  larva  of  Mediterranean 
Flour-moth,  64. 

Cow-peas  infested  by  Angoumois 
Grain  Moth,  61. 

Crab-grass  as  food  plant  of  Garden 
Flea-hopper,  114. 
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Crackers  and  cakes  infested  by  Rice- 
weevil,  71. 

infested  by  larva  of  Mediterranean 
Flour-moth,  63. 

Crape  Myrtle  infested  by  Latania 
Scale,  127. 

Croton  infested  by  Hemispherical 
Scale,  124. 

cruciferarum,  Plutella,  101. 

Curculio,  Elm,  5. 

Currant  injured  by  Rose,  or  Oblique- 
banded,  Leaf-roller,  93. 

Cutworm,  Southern  Fern-,  88-93.  See 
Southern  Fern-Cutworm. 
Variegated,  84-88.  See  Variegated 
Cutworm. 

Cutworms,  84-91. 
cyanophylli,  Aspidiotus,  127. 
Cyanophyllum  infested  by  Aspidiotus 
cyanophylli,  127. 

Cycas  infested  by  Aspidiotus  cyano¬ 
phylli,  127. 

by  Camellia  Scale,  127. 
by  Oleander  Scale,  128. 
cydoniae,  Aspidiotus,  127. 

D 

Dahlia  as  breeding  plant  of  Green¬ 
house  Leaf-tier,  100. 

Dark  Meal-worm,  habits,  economic 
relations,  and  breeding  places 
of,  72. 

beetle,  distinctive  characters  of, 
82. 

Darkling  beetles,  71. 

Davis,  G.  C.,  123.  , 

Davis,  J.  J.,  report  on  insects  in¬ 
jurious  to  flowering  and  ornament¬ 
al  greenhouse  plants  in  Illinois  by, 
83-143. 

D'ecaux,  M.,  136,  137. 
decumana,  Citrus,  128. 

Deer,  injuries  to,  by  black-flies,  26. 
Diamond-back  Moth,  101-103. 
dianthi,  Rhopalosiphum,  117. 

Diaspis  bromeliae,  124. 

Dipterous  parasites  of  Rose,  or  Ob¬ 
lique-banded,  Leaf-roller,  97. 

Dogs,  black-flies  as  pest  of,  24. 
Dorner,  H.  B.,  83. 

Dularius  brevilineus  reared  from  dis¬ 
eased  elms,  8. 

D'yar,  H.  G.,  88. 

E 

Easter  Lily.  See  Lily  Easter. 
Eel-worm,  Foliar,  140-143.  See  Fo¬ 
liar  Eel-worm.  I 


Eggplant  injured  by  Garden  Flea- 
hopper,  114. 

Eggs  of  Ang-oumois  Grain  Moth,  59, 
60. 

of  Alternanthera  Worm,  104. 
of  black-flies,  22,  29,  30,  41,  46,  50. 
of  boring  insects,  10. 
of  Chaff  Scale,  129. 
of  Confused  Flour-beetle,  66. 
of  Corn  Root-aphis,  120,  121. 
of  Diamond-back  Moth,  102. 
of  Garden  Flea-hopper,  115. 
of  Granary  Weevil,  69. 
of  Greenhouse  White  Fly,  130. 
of  Hemispherical  Scale,  124. 
of  Indian  Meal  Moth,  65,  66. 
of  Meal  Sn.out-moth,  66a. 
of  Mediterranean  Flour-moth,  61, 
63. 

of  Oleander  Scale,  128. 
of  Orchid  Isosoma,  136. 
of  parasite  of  Diamond-back  Moth. 
102. 

of  Pediculopsis  graminum,  139. 
140. 

of  plant-lice,  118. 
of  Rice-weevil,  70,  71. 
of  Rose  Midge,  110,  111. 
of  Rose,  or  Oblique-banded,  Leaf- 
roller,  93,  94,  95. 
of  scale  insects,  129. 
of  Southern  Fern-Cutworm,  89,  91. 
of  Variegated  Cutworm,  84-85. 
of  Yellow  Meal-worm,  71. 

Elm,  American  White,  1. 

root  system  of,  6-7. 

-borer,  8,  10. 

description,  life  history,  and 
distribution  of,  11-13. 
Round-headed,  5,  10.  See  also 

Elm-borer. 

Curculio,  5. 

Snout-beetle,  Reddish,  10,  13-14. 
description  of  larva  and  adult 
of,  13-14. 

Elms  in  Illinois?  What  is  the  mat¬ 
ter  with  the,  1-20. 
reports  of  injury  to,  2-5. 
woodland,  3,  5. 

Encarsia  versicolor  as  parasite  of 
Greenhouse  White  Fly,  132. 
Ephestia  kuehniella,  61-64.  See  also 
Mediterranean  Flour-moth,  SO. 
Erigeron  canadensis  as  food  plant  of 
Garden  Flea-hopper  114. 

Eriopus  floridensis,  S8. 

Eucalymnatus  perforatus,  123. 
subtessellatus,  123. 
tessellatus,  123. 

var.  swainsonae,  123. 

Exorista  pyste  as  parasite  of  Rose, 
or  Oblique-banded,  LeaDroller,  97. 
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F 

farinalis,  Pyralis,  66a. 

Fern  Asparagus  and  Smilax  Root- 
borer,  138-139. 

Boston,  Hemispherical  Scale  com¬ 
mon  on,  124. 

liable  to  serious  injury  by  Fern 
Scale,  126. 

-Cutworm,  Southern,  88-93.  See 
Southern  Fern-Cutwarm. 
infested  by  Camellia  Scale,  127. 

by  foliar  nematodes,  141. 
Maidenhair,  infested  by  Myzus 
vincae,  118. 

liable  to  serious  injury  by  Fern 
Scale,  126. 

Scale,  12  6. 

Sword,  infested  by  Idiopterus 
nephrelepidis,  118. 

Ferns,  130. 

greenhouse,  liable  to  infestation  by 
scale  insects,  122. 

Hemispherical  Scale  common  on, 
124. 

infested  by  Fern  Scale,  125. 
injured  by  Southern  Fern-Cutworm, 
88. 

ferrugalis,  Phlyctaenia,  98. 
ferrugineum,  Tribolium,  68. 
Fertilizer,  commercial,  infested  by 
Dark  Meal-worm,  72. 

Ficus,  130. 

carnosa  infested  by  foliar  nema¬ 
todes,  141. 

infested  by  Aspidiotus  cyanophylli, 
127. 

by  Camellia  Scale,  127. 
by  Circular  o.r  Florida  Red 
Scale,  118. 
by  Fern  Scale,  126. 
sp.  attacked  by  Soft  Scale,  123. 
ficus,  Aspidiotus,  128. 
filicum,  Saissetia,  124. 

Florinia  fioriniae,  127. 
fioriniae,  Fiorinia,  127. 

Fir-tree  oil  solution  for  scale  in¬ 
sects,  130. 

Fish  as  enemies  of  larvae  of  black- 
flies,  30. 

Flea-hopper,  Garden,  113-116.  See 
Garden  Flea-hopper. 

Fletche.r,  James,  101. 

Flint,  Wesley,  P.,  3,  5. 

Floriculture  in  Illinois,  importance 
of,  83. 

Florida  Red  or  Circular  Scale,  128. 
floridensis,  C'allopistria,  88. 

Eriopus,  88. 

Flour  as  food  of  Indian  Meal  Moth, 

66. 

of  Yellow  Meal-worm,  72. 
-beetle,  Confused,  56,  66,  67-68. 
infested  by  Rice-weevil,  71. 


Flour  infested—  Continued. 

by  Saw-toothed  Grain-beetle,  69. 
by  Yellow  -Meal-worm,  71. 

-moth,  Mediterranean,  56,  61-64. 

See  under  Mediterranean  Flour- 
moth. 

Fly-weevil,  59. 

Foliar  Eel-worm,  140-143. 
nematodes,  141. 

plants  infested  by,  141.  See  also 
Foliar  Eel-worm. 

Forbes,  S.  A.,  83,  109,  114. 
forsteriana,  Kentia,  128. 

Fruits,  dried,  as  food  of  Indian  Meal 
Moth,  66. 

preserved,  infested  by  Saw-toothed 
Grain-beetle,  69. 

Fuchsia  attacked  by  Greenhouse 
White  Fly,  130. 

Fumigation,  construction  necessary 
for,  78. 

with  carbon  bisulfid,  procedure  in, 
76-78. 

with  hydrocyanic  acid  gas  for  In¬ 
dian  Meal  Moth,  66. 
for  Mediterranean  Flour- 
moth,  64. 
for  plant-lice,  119. 
for  Rose  Midge,  112-113. 
for  Rose  Leaf-roller,  98. 
procedure  in,  74-76,  132- 

134. 

with  sulphur,  73. 

with  tobacco  or  tobacco  stems  or 
extracts: 

for  Greenhouse  White  Fly, 
134. 

fo.r  plant-lice,  119. 
for  Rose  Leaf-roller,  98. 
procedure  in,  120. 

(See  also  nicotine  preparations 
and  the  fumigants  under  Reme¬ 
dies.) 

Fungus  causing  carnation  bud-rot  and 
silver-top  of  June-grass,  139,  140. 


G 

Garden  Flea-hopper,  113-116. 

plants  attacked  by,  113-114. 
Garman,  H.,  4,  6,  8,  47. 

Gasoline  for  cleaning  up  infested 
mills  and  granaries,  79. 
Gazagnaire,  J.,  137. 

Geranium  as  breeding  plant  of  Green¬ 
house  Leaf-tier,  100. 
attacked  by  Greenhouse  White  Fly, 
130.  .  -  - 

f.  •  | 

Pansy,  infested  by  Greenhouse 
White  Fly,  132. 
gigas,  Cattleya,  136. 

Gilliam,  James  T.,  38. 
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Ginger  infested  by  Confused  Flour- 
beetle,  67. 

Girault,  A.  A.,  97,  132. 

paper  by,  on  insects  injurious  to 
stored  grains  and  their  ground 
products,  56-82. 
glomeratus,  Apanteles,  100. 
Gooseberry  injured  by  Rose,  or  Ob¬ 
lique-banded,  Leaf-roller,  93. 
gossypii,  Aphis,  117. 

Grain  as  food  of  Indian  Meal  Moth, 
64. 

-beetle,  Saw-toothed,  56,  68-69.  See 
under  Saw-toothed  G’rain-beetle. 
treatment  of  infested,  73-78. 

Moth,  Angoumois,  56,  57,  58-61. 

See  under  Angoumois  Grain 
Moth. 

Grains  and  their  products  as  food 
of  Snout-moth,  66a. 
graminum,  Pediculopsis,  139. 
granaria,  Calandra,  69. 

Granary  beetles  and  weevils,  66-72. 
insects,  key  for  identification  of, 
79-82. 

measures  against,  72-73. 
moths,  58-66a. 

or  Black  Weevil,  distinctive  char¬ 
acters  of,  81.  See  also  Granary 
Weevil. 

or  mill  waste  products  as  food  of 
Meal  Snout-moth,  66a. 

Weevil,  56,  69-70,  81. 

Grapefruit  infested  by  Circular  or 
Florida  Red  Scale,  128. 

Greedy  Scale,  128. 

Green,  or  Green  Chrysanthemum, 
Aphis,  116. 

Greenhouse  Asparagus,  injury  to  by 
cutworms,  84.  See  also  Fern 
Asparagus  and  “Asparagus  Fern.” 
Leaf-tier,  98-100. 

as  enemy  of  chrysanthemums, 
98. 

breeding  plants  of,  100. 
description  and  life  history  of, 
98-99. 

distribution  of,  100. 
natural  enemies  of,  100. 
remedies  for,  100. 
plants  in  Illinois,  report  on  insects 
injurious  to  flowering  and  orna¬ 
mental,  83-143. 

tropical  trees  liable  to  infestation 
by  scale  insects,  122. 

White  Fly,  130-135. 

character  of  injury  by,  131- 
132. 

description,  life  history,  and 
habits  of,  130-132. 
distribution  of,  130. 
natural  enemies  of,  132. 


Greenhouse  White  Fly — Continued. 

plants  especially  susceptible  to 
attack  of,  130. 
remedies  for,  132,  135. 

Guenee,  A.,  88,  104. 

G'uinea-pigs,  inoculation  experiment 
with,  47. 

II 

Halsted,  Byron  D.,  141. 

Halticus  bractatus,  113. 

citri,  113-116.  See  Garden  Flea- 
hopper, 
uhleri,  113. 

Handpicking  for  Alternanthera  Worm, 
106. 

for  Diamond  back  Moth,  103. 
for  Greenhouse  Leaf-tier,  100. 
for  Rose,  o,r  Oblique-banded,  Leaf- 
roller,  97,  98. 

for  Variegated  Cutworm,  87. 

Hart,  Charles  A.,  21,  32,  42,  49,  86, 
97,  100,  109. 

Hay  as  food  of  Meal  Snout-moth, 
66a. 

Heald,  F.  D.,  140. 
hederae,  Aspidiotus,  128. 
Hemichionaspis  aspidistrae,  126. 
hemisphaerica,  Saissetia,  124. 
Hemispherical  Scale,  124. 
hesperidum,  Coccus,  123. 

Hibiscus  attacked  by  Soft  Scale,  123. 
hirtipes,  Simulium,  23,  31. 

Hodgkiss,  H.  E.,  5,  139. 

Hodgkiss,  H.  E.,  and  Stewart.  F.  C., 
139. 

Hogs,  black-flies  as  pest  of,  26.  39. 
Honeyr-bee,  hives  of,  infested  by  la’wa 
of  Mediterranean  Flour-moth.  64. 
Horses,  injuries  to,  by  black-flies,  22. 
26. 

Houghton,  C.  O.  (see  Errata),  and 
MacGillivray,  Alex.  D'.,  31. 

Howard,  L.  O.,  124. 

Hudson  Bay  Company,  27. 
Humming-birds  as  enemies  of  Dia¬ 
mond-back  Moth,  102. 

Hunter,  S.  J.,  47,  48. 
hybridum,  Adiantum,  118. 
Hydrocyanic  acid  gas,  limitations  of, 
as  a  fumigant,  74. 

(See  also  under  Fumigation 
and  under  Remedies.) 
hydropiperoides,  Polygonum.  114. 
Hymenia  perspectalis,  103-106.  See 
Alternanthera  Worm. 
Hymenopterous  parasite  of  Green- 
Louse  Leaf-tier,  100. 
of  Greenhouse  White  Fly',  132. 
parasites  of  Rose,  or  Oblique- 
banded,  Leaf-roller,  97. 
of  Variegated  Cutworm,  86. 
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I 

Ichneumonid  parasite  of  Diamond- 
back  Moth,  102. 

Idiopterus  nephrelepidis  infesting1 
Sword  Fern,  118. 
immaculata,  Scolopendrella,  188. 
Indian  Meal  Moth,  56,  64-66. 

distinctive  characters  of,  80. 
Insecta  and  Myriapoda,  138. 
Insecticides  for  granaries  and  mills, 
contact,  78-79. 

Insects  injurious  to  flowering  and 
ornamental  greenhouse  plants  in 
Illinois,  83-143. 

injurious  to  stored  grains  and  their 
ground  products,  56-82. 
general  discussion  of  above  top¬ 
ic,  56-58. 

miscellaneous  granary,  food  of,  58. 
number  of,  in  United  States,  which 
may  eat  stored  cereals  and  cereal 
products,  56. 

of  prime  importance  as  grain  eat¬ 
ers,  56-57. 

interpunctella,  Plodia,  64. 

Isosoma,  Orchid,  135-137.  See  Or¬ 
chid  Isosoma, 
orchidearum,  135-137. 

Ivy  attacked  by  Soft  Scale,  123. 
infested  by  Oleander  Scale,  128. 

J 

Jackson,  Alma  D.  See  Sanderson, 
E.  D'.  and  Jackson,  Alma  D. 
Jackson,  C.  F.,  118. 

Jacobs,  E.  E.,  2. 

Johannsen,  O.  A.,  31. 
johannseni,  Simulium,  31. 

June-grass,  fungus  causing  silver- 
top  of,  139. 

K 

Kellogg,  Vernon  L.,  31. 

Kentia  belmoreana  infested  by  As- 
pidiotus  cyanophylli,  127. 
infested  by  Circular  or  Florida 
Red  Scale,  128. 

Camellia  Scale  found  on,  127. 
farsteriana  infested  by  Circular  or 
Florida  Red  Scale,  128. 
infested  by  Oleander  Scale,  128. 
sp.  attacked  by  Soft  Scale,  123. 
infested  by  Circular  or  Florida 
Red  Scale,  128. 

Kerosene  emulsion  as  aid  in  cleaning 
greenhouse  ranges,  112. 
for  garden  Flea-hopper,  115. 
formula  for,  and  directions  for 
making,  115. 
kuehniella,  Ephestia,  61. 
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labiata,  Cattleya,  136. 

Ladybirds  as  enemies  of  larvae  and 
pupae  of  Greenhouse  White 
Fly,  132. 
of  plant-lice,  119. 
lanceolata,  Plantago,  114. 
lanceolatus,  Carduus,  114. 

Lantana  infested  by  Aphelenchus  sp., 
141. 

Latania  borbonnica  infested  by  Cir¬ 
cular  or  Florida  Red  Scale, 
128. 

by  Pineapple  Scale,  124. 
infested  by  Latania  Scale,  127. 
Scale,  127. 

lataniae,  Aspidiotus,  127. 

Leaf-roller,  Rose,  or  Oblique-banded, 
91-98.  See  under  Rose. 

Leaf-tier,  Greenhouse,  98-100.  See 
Greenhouse  Leaf-tier. 

Lecanium  tessellatum,  123. 

Lemon  attacked  by  Soft  Scale,  123. 

infested  by  Chaff  Scale,  129. 

Leon,  N.,  26. 

Lilium  canadense  as  food  plant  of 
Alternanthera  Worm,  104. 

Lily,  C’alla,  infested  by  Myzus  vin- 
cae,  118. 

by  Rhopalosiphum  (?)  nym- 
phaeae,  118. 

Easter,  attacked  by  Melon  Aphis, 

117. 

infested  by  Myzus  vincae,  118. 
Limneria  tibiator,  102. 

Lugger,  O.,  27,  47. 

M 

Macaroni  Infested  by  Rice-weevil, 
71. 

McBride,  Sara  J.,  44. 

MacGilliv.ray,  Alex.  D.,  and  Houghton, 
C.  O.  (see  Errata),  31. 
Macrosiphum  circumflexum,  117. 
rosae,  117. 
sanborni,  116. 

maculipennis,  Plutella,  101. 

Magdalis  armicollis,  5,  10,  13-14. 
Maidenhair  Fern.  See  Fern,  Maiden¬ 
hair. 

maidiradicis.  Aphis,  120. 

Maples,  7. 

Mare’s-tail  as  food  plant  of  Garden 
Flea-hopper,  114. 
margaritosa,  Peridroma,  84. 

Marigold  subject  to  injury  by  Mvzus 
persicae,  117. 

Matthiola  annua  injured  by  Diamond- 
back  Moth,  101. 

Meal  as  food  of  Indian  Meal  Moth, 

66. 

infested  by  Rice-weevil,  71. 
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Meal  infested — Continued. 

by  Yellow  Meal-worm,  71,  72. 
Snout-moth,  56,  66a. 

distinctive  characters  of,  80. 
-worm,  Dark,  72,  82.  See  Dark 
Meal-worm. 

Yellow,  57,  71-72. 

Mediterranean  Flour-moth,  56,  61-64, 
80. 

distinctive  characters  of,  80. 
Melon  Aphis  in  greenhouses,  117. 
meridionale,  Simulium,  28,  31,  35,  37, 
44,  47. 

Microgaster  sp.  as  parasite  of  larva 
of  Rose,  or  Oblique-banded,  Leaf- 
roller,  97. 

Mite  accompanying  carnation  bud- 
rot,  139-140. 

infesting  larva  of  Angoumois  G’rain 
Moth,  61. 

molitor,  Teneb.rio,  71. 

M'Olz,  E.,  143. 

Monkeys,  inoculation  experiment 
with,  47. 

Moonflower  .infested  by  foliar  nema¬ 
todes,  141. 

Morning-glory  attacked  by  Garden 
Flea-hopper,  114. 

Morse,  Albert  P.,  135. 

Mules,  injuries  to,  by  black-flies,  22, 
26. 

Myriapoda  and  Insecta,  138. 

Myrtle,  Grape,  infested  by  Latania 
Scale,  127. 

Mytilaspis  pandani,  126. 

Myzns  persicae,  f.ruit  trees  and  vege¬ 
tables  liable  to  injury  by,  117. 
greenhbuse  plants  most  suscepti¬ 
ble  to  injury  by,  117. 
rosarum,  117. 

vincae  as  a  greenhouse  species, 

117. 


N 

Nason,  Wm.  A.,  31,  41,  42,  44,  47. 
Nematodes,  foliar,  plants  infested 
by,  141.  See  also  Foliar  Eel-worm. 
Neocerata  rhodophaga,  84,  106-113. 

See  Rose  Midge, 
nephrelepidis,  Idiopterus,  118. 
nerii,  Asp.idiotus,  128. 

Nicotine  preparations  for  Garden 
Flea-hopper,  115. 
for  Orchard  Isosoma,  137. 
for  plant-lice,  119. 
for  Southern  Fern-Cutworm,  91. 
Nut-meats  as  food  of  Indian  Meal 
Moth,  66. 

Nuts  infested  by  Saw-toothed  Grain- 
beetle,  69. 

nymphaeae,  Rhopalosiphum  (?),  118. 


O 

Oaks,  7. 

Oatmeal  as  food  of  Confused  Flour- 
beetle,  67. 

infested  by  larva  of  Mediterranean 
Flour-moth,  64. 

Oblique-banded  Leaf-roller,  91-98. 
See  Rose,  or  Oblique-banded,  Leaf- 
roller. 

obscurus,  Tenebrio,  72. 
occidentale,  Simulium,  38. 

Oleander  attacked  by  Soft  Scale,  123. 
infested  by  Hemispherical  Scale, 
124. 

by  Oleander  Scale,  128. 

Scale,  128. 

olesistus,  Aphelenchus,  140,  143. 
Onion  Thrips,  84. 

Orange  attacked  by  Soft  Scale,  123. 
infested  by  Chaff  Scale,  129. 
by  Fern  Scale,  126. 
by  Hemispherical  Scale,  124. 
by  Latania  Scale,  127. 
by  Oleander  Scale,  128. 

Orchid  infested  by  Aspidiotus  cyano- 
phylli,  127. 

Isosoma,  135-137. 
orchidearum,  Isosoma,  135. 

Orchids,  130. 

greenhouse,  liable  to  infestation  by 
scale  insects,  122. 
infested  by  Fern  Scale,  126. 
by  Hemispherical  Scale,  124. 
by  Oleander  Scale,  128. 

Ormsby,  Oliver  S.,  21. 

Orris  roots  infested  by  Confused 
Flour-beetle,  67. 
oryza,  Calandra,  70. 

Osborn,  Herbert,  37. 
ovata,  Chalcis,  97. 


P 

Packard,  A.  S.,  24. 

Palm  infested  by  Greedy  Scale,  128. 
Sago.  See  Sago  Palm. 

Scale,  Tessellated,  123. 

Palms,  130. 

greenhouse,  liable  to  infestation  by 
scale  insects,  122. 

■infested  by  Tessellated  Palm  Scale, 
123. 

pandani,  Mytilaspis,  126. 

Panicum  sanguinale  as  food  plant  of 
Garden  Flea-hopper,  114. 

Pansy  Geranium  infested  by  Green¬ 
house  White  Fly,  132. 

Parasite  of  larva  of  Angoumois 
Grain  Moth,  61. 
of  Diamond-back  Moth,  102. 
Parasites  of  Greenhouse  Leaf-tier, 
100. 
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Parasites—  Continued . 
of  plant-lice,  119. 
of  Rose  Leaf-roller,  97. 
of  Variegated  Cutworm,  86. 
Parlatoria  pergandii,  129. 
proteus,  129. 

paronychioides  major,  Alternanthera, 
103. 

parva,  Phorocera,  100. 

Patch,  Edith  M.,  101. 

Peach  liable  to  injury  by  Myzus  per- 
sicae,  117. 

Peanuts  infested  by  Confused  Flour- 
beetle,  67. 

Peas  as  food  of  Indian  Meal  Moth, 

66. 

infested  by  Confused  Flour-beetle, 
67. 

injured  by  Garden  Flea-hopper, 
114. 

pecuarum,  Simulium,  28,  38,  39,  40, 
44,  47. 

Pediculoides  ventrieosus  infesting 
larva  of  Angoumois  Grain  Moth, 
61. 

Pediculopsis  graminum,  139-140. 
Pelargonium  as  breeding  plant  of 
Greenhouse '  Leaf-tier,  100. 
attacked  by  Greenhouse  White  Fly, 
130. 

infested  by  foliar  nematodes,  141. 
Pellagra  Commission  of  Illinois,  21. 
data  for  discussion  >of  theory  that 
in  Illinois  black-flies  are  carriers 
of,  49-51. 

degree  of  correspondence  between 
waves  of  increase  of,  and  black- 
fly  outbreaks,  51. 

experiments  for  transfer  of,  by 
means  of  Simulium  vittatum,  48. 
in  Illinois,  black-flies  and  buffalo- 
gnats  (Simulium)  as  possible 
carriers  of,  21-25. 
in  Italy,  23. 

Pepper,  Black,  infested  by  Dark 
Meal-worm,  72. 

Cayenne,  or  Red,  infested  by  Con¬ 
fused  Flour-beetle,  67. 
by  Saw-toothed  Grain-bee¬ 
tle,  69. 

Peppers,  celestial,  attacked  by  Green¬ 
house  White  Fly,  130. 
perforatus,  Eucalymnatus,  123. 
pergandii,  Parlatoria,  129. 

Pe,ridroma  margaritosa,  84-88.  See 
Variegated  Cutworm, 
saucia,  84. 

persicae,  Myzus,  117. 
perspectalis,  Hymenia,  103. 

Spolodea,  103. 

Philotria  canadensis  infested  by 
Rhopalosiphum  (?)  nymphaeae, 
118. 


Phinotas  oil  for  destruction  of  black- 
fly  larvae,  30. 

Phlyctaenia  ferrugalis,  98-100.  See 
Greenhouse  Leaf-tier, 
rubigalis,  98. 

Pboenix  canariensis  and  P.  sp.  in¬ 
fested  by  Circular 
Scale,  128. 

by  Oleander  Scale,  128. 
sp.  attacked  by  Soft  Scale,  123. 
sp.  infested  by  Greedy  Scale,  128. 

Ph.orocera  parva  as  parasite  of  Green¬ 
house  Leaf-tier,  100. 

pictipes,  Simulium,  23,  28,  29,  41,  5C. 

Pineapple  injured  by  Pineapple  Scale, 
124. 

Scale,  124-125. 

Pinnaspis  buxi,  126-127. 

Plantago  lanceolata  and  P.  rugelii  as 
food  plants  of  Garden  Flea-hopper, 
114. 

Plantain  as  food  plant  of  Garden 
Flea-hopper,  114. 

Plant-lice,  or  aphids,  116-122. 

Plants,  dried,  as  food  of  Meal  Snout- 
moth,  66a. 

Plodia  interpunctella,  64-66.  See  also 
Indian  Meal  Moth,  80. 

Plowing,  thoro  fall,  as  measure 
against  Corn  Root-aphis,  122. 

Plum  liable  to  injury  by  Myzus  per¬ 
sicae,  117. 

plumosus,  Asparagus,  84,  117,  138. 

Plutella  cruciferarum,  101. 

maculipennis,  101-103.  See  Dia¬ 
mond-back  Moth. 

poae,  Sporotrichum,  139. 

Poisoned  baits  for  cutworms,  86,  91. 

Polygonum  hyd.ropiperoides  as  food 
plant  of  Garden  Flea-hopper,  114. 

Poultry,  black-flies  as  pests  of,  22, 
38-39. 

pretiosa,  Trichogramma,  97. 

Primula  subject  to  injury  by  Myzus 
persicae,  117.  . 

proteus,  Parlatoria,  129. 

Pyralis  farinalis,  66a.  See  also  Meal 
Snout-moth,  80. 

Pyrethrum  for  Diamond-back  Moth, 
103. 

for  Southern  Fern-Cutworm,  91. 

pyste,  Exorista,  97. 


R 

Radish  liable  to  injury  by  Myzus 
persicae,  117. 

Ragweed  as  food  plant  of  Garden 
Flea-hopper,  114. 
rapax,  Aspidiotus,  128. 

Rape,  103. 

Rapp,  John  M.,  4. 
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Raspberry  dnj.ured  by  Rose  Scale, 
126. 

Red  Pepper.  See  Pepper,  Cayenne,  or 
Red. 

Reddish  Elm  Snout-beetle,  10,  13-14. 
description  of  larva  and  adult 
of,  13-14. 

Reeves,  Cora  D.,  44. 

Reineckia  carnea  attacked  by  Soft 
Scale,  123. 

Remedies  and  preventives  for  insect 
depredations: 

alternation  of  cold  and  heat,  74, 
78. 

of  water  and  insecticide  sprays, 
130. 

arsenate  of  lead,  97,  98,  100,  103, 
106. 

arsenical  poisons,  91. 
sprays,  97. 

artificial  heat,  64,  66,  GGa,  68,  70, 
73,  79. 
benzine,  79. 

burning-  infested  material,  66c,  68. 
carbon  bisulfid,  61,  66,  66a,  70,  76- 
78,  121. 

clean  culture,  102,  115. 
cleaning-  infested  greenhouse  rang¬ 
es,  112. 

contact  insecticides,  78-79. 
destruction  .of  infested  buds  or 
bulbs,  137,  140. 

discontinuance  of  certain  crops  in 
vicinity  of  greenhouses,  103. 
fall  plowing,  122. 
fir-tree  oil  solution,  130. 
fumigation,  68,  73,  74-78. 
gasoline,  79. 

hand-picking,  97,  98,  100,  103,  106. 
hydrocyanic  acid  gas,  64,  66,  74-76, 
98,  112,  119. 

kerosene  emulsion,  112,  115. 
loosening  scales  with  brush  before 
spraying  with  water,  130. 
mixtures  to  protect  against  borers, 
10. 

nicotine  preparations,  91,  115,  119, 
137. 

paint,  10. 
phinotas  oil,  30. 
poisoned  baits,  86,  91. 
pyrethrum,  91,  103. 
repellents,  27-28. 
rotation  of  crops,  112,  122. 
soap  solutions,  120,  130,  134-135. 
spraying  with  water  after  using 
contact  insecticide,  130. 
sterilization  with  steam,  87-S8,  13S, 
143.. 

sulphur,  73. 

threshing  and  storing  early,  73. 
tobacco  .or  tobacco  stems  or  ex¬ 
tracts,  98,  119,  134. 


Remedies,  etc. —  Continued. 

trap  lanterns,  or  light  traps,  87, 
91,  98,  100,  103,  106. 
trapping  with  fly-paper  or  sticky 
or  greasy  cloth,  116. 
reptans,  Simulium,  23. 
rhodophaga,  Neocerata,  84,  103. 
Rhopalosiphum  dianthi,  117. 
Rhopalosiphum  (?)  nymphaeae,  green¬ 
house  plants  infested  by,  118. 

Rice  flour  infested  by  larva  of  Medi¬ 
terranean  Flour-moth,  63. 

-weevil,  56,  69,  70-71,  72,  81. 

Riley,  C.  V.,  25,  39,  101. 

Riley,  C.  V.,  and  Howard,  L.  O.,  135. 
Root-aphis,  Corn,  120-122.  See  Corn 
Root-aphis. 

Root-borer,  Fern-Asparagus  or  Smi- 
lax,  138-139. 
rosaceana,  Archips,  91. 

Cacoecia,  91. 
rosae,  Aulacaspis,  126. 

Macrosiphum,  117. 
rosarum,  Myzus,  117. 

Rose  as  breeding  plant  of  Greenhouse 
Leaf-tier,  100. 
injured  by  Rose  Scale,  126. 

Midge,  106-113. 

character  and  extent  of  injury 
by,  106-109. 

economic  control  of,  111-113. 
history  of  the  species,  109. 
life  history  and  habits  of,  110- 
111. 

loss  to  flo,rists  by,  84. 
varieties  of  roses  attacked  by, 
109-110. 

or  Oblique-banded,  Leaf-roller,  OI¬ 
OS. 

character  of  injury  to  roses 
by,  93,  95. 

different  stages  of,  95-97. 
egg-laying  record  of,  95. 
life  history  of,  93-95. 
natural  enemies  of,  97. 
plants  injured  by,  93. 
remedies  for,  97-98. 

Scale,  126. 

rosea  nana,  Alternanthera,  103. 
Roses,  rank  of,  as  crop  in  Illinois, 
84. 

usual  food  plant  of  Macrosiphum 
rosae  and  Myzus  rosarum,  117. 
varieties  of,  especially  injured  or 
noticeably  damaged  by  Rose 
Midge,  109-110. 

Rotation  of  crops  as  measure  against 
Corn  Root-aphis,  122. 
for  Rose  Midge,  112. 
Round-headed  Borer  of  Elm,  5,  10. 

See  also  Elm-borer, 
rubigalis,  Phlyctaenia,  9S. 
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Rudd,  W.  N.,  87. 
rufomaculata,  Aphis,  116. 
rugelii,  Plantago,  114. 

Rust-red  Flour-beetle,  68. 

Ryder,  John  A.,  138. 

S 

Sago  Palm,  Hemispherical  Scale  com¬ 
mon  on,  124. 

infested  by  Circular  or  Florida 
Red  Scale,  128. 
by  Parlatoria  proteus,  129. 
by  Pineapple  Scale,  124. 
Saissetia  filicum,  124. 

hemisphaerica,  124. 

Salvia  attacked  by  Greenhouse  White 
Fly,  130,  132. 

infested  by  foliar  nematodes,  141. 
sanborni,  Macrosiphum,  116. 

Sanders,  J.  G.,  123,  124. 

Sanderson,  E.  Dwight,  47. 

Sanderson,  E.  D'wight,  and  Jackson, 
Alma  D.,  98. 

Sand-flies  of  the  Amazon,  25. 
Sand-fly,  28. 

sanguinale,  Panicum,  114. 

Saperda  tridentata,  5,  10,  11-13. 
sativa,  Ananassa,  124-125. 
saucia,  Agrotis,  84. 

Peridroma,  84. 

Saw-toothed  Grain-beetle,  56,  68-69. 

description  of  various  stages  of, 
68-69. 

distinctive  characters  of,  81. 
number  of  generations,  food,  and 
distribution  of,  69. 

Sawyer,  A.  A.,  121. 

Scale,  Box,  126-127. 

Camellia,  127. 

Chaff,  129. 

Circular  or  Florida  Red,  128. 

Fern,  126. 

Greedy,  128. 

Hemispherical,  124. 
insects,  122-130. 

Latania,  127. 

Oleander,  128. 

Pineapple,  124. 

Rose,  126. 

Soft,  123. 

Tessellated  Palm,  123. 

(See  also  Aspidiotus  cyanophylli 
and  Parlatoria  proteus.) 
Scolopendrella,  138. 

immaculata,  138-139.  See  Fern-As¬ 
paragus  and  Smilax  Root-borer. 
Seeds  as  food  of  Meal  Snout-moth, 
66a 

infested  by  Saw-toothed  Grain- 
beetle,  69. 


Shade  trees,  care  jf,  9-10. 

Sheep,  injuries  to,  by  black-flies,  26. 
Ship’s  biscuit  infested  by  Yellow 
Meal-worm,  72. 

Silvanus  surinamensis,  68-69.  See 
also  Saw-toothed  Grain-beetle. 
Silver-top  of  June-grass,  fungus 
causing,  139. 

Simulium  as  possible  carrier  of  pel¬ 
lagra  in  Illinois,  21-55. 
bracteatum,  31. 

comparison  of  local  facts  concern¬ 
ing,  with  local  data  on  pellagra, 
49-51. 

hirtipes,  23. 

distribution,  breeding  situations, 
and  life  history  of,  31. 

Illinois  species  of,  31-48. 
johannseni,  31-37. 

description  of,  32-37. 
length  of  a  generation  period  of, 
50. 

meridionale,  28,  31,  35,  37-40,  44, 

47. 

number  and  general  distribution  of 
species  of,  23. 
occidentale,  38. 

pecuarum,  28,  38,  39,  40-42,  44,  47. 
pictipes,  29,  41-42. 

length  of  a  generation  period  of, 
50. 

reptans,  23. 

venustoides,  42-44. 

venustum,  24,  28,  29,  35,  4  2,  •*  ’ 

47. 

length  of  a  generation  period 

of,  50. 

vittatum,  24,  28,  44,  47-48,  50. 

(See  also  Black-flies  ar.d  buffalo- 
gnats.) 

Singer,  H.  Douglas,  51. 

Sitotroga  cerealella,  57,  5S-G1.  See 
also  Angoumois  Grain  Moth,  79. 
Smartweed  as  food  plant  of  Garden 
Flea-hopper,  114. 

Smilax  and  Fern-Asparagus  Raot- 
borer,  138-139.  See  under 
Fern-Asparagus  and  Smilax 
Root-borer. 

injury  to,  by  cutworms,  84. 

by  Fern-Asparagus  and  Smilax 
Root-borer,  138. 
by  Garden  Flea-hoppe.r,  113. 
Smith,  Lindley  M.,  2,  3. 

Snout-beetle,  Reddish  Elm,  10,  13-14. 
description  of  larva  and  adult 
of,  13-14. 

Snout-moth,  Meal,  56,  66a,  See  un¬ 
der  Meal  Snout-moth. 

Snuff  infested  by  Confused  Flour- 
beetle,  68. 

by  Saw-toothed  G'rain-beetle,  69. 
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Soda  infested  by  Dark  Meal-worm, 
72. 

Soft  Scale,  123. 

Solanums,  tropical,  attacked  by 
Green-house  White  Fly,  130. 
Southern  Fern-Cutworm,  88-91. 
Spearmint  as  breeding  plant  of 
Greenhouse  Leaf-tier,  100. 

Spices  as  food  of  Indian  Meal  Moth, 

66. 

infested  by  Saw-toothed  Grain-bee¬ 
tle,  69. 

Spilochalcis  torvina  as  parasite  of 
larva  of  Rose,  or  Oblique-banded, 
Leaf-roller,  97. 

Spinach  liable  to  injury  by  Myzus 
persicae,  117. 

Spolodea  perspectalis,  103. 

Spotted  or  Rice  Weevil,  81.  See  also 
Rice-weevil. 

Sporotrichum  poae,  139. 

Stewart,  F.  C.  See  Hodgkiss,  H.  E., 
and  Stewart,  F.  C. 

Stocks  injured  by  Diamond-back 
Moth,  101. 

measure  to  protect,  from  injury  by 
Diamond-back  Moth,  103. 

Straw  as  food  of  Meal  Snout-moth, 
66  a. 

Sturgis,  Wm.  C.,  141. 
subtessellatus,  Eucalymnatus,  123. 
Sugar  as  food  of  Indian  Meal  Moth, 
66. 

infested  by  Saw-toothed  Grain- 
beetle,  69. 

Sulphur,  fumigation  with,  to  clear 
granaries  of  insect  pests,  73. 
surinamensis,  Silvanus,  68. 

Sweet  Alyssum  injured  by  Diamond- 
back  Moth,  101. 

measure  to  protect,  from  injury 
by  above  insect,  103. 
peas,  injury  to,  by  cutworms,  84. 
Sword  Fern  infested  by  Idiopterus 
nephrelepidis,  118. 

Symphyla,  138. 

T 

tabaci,  Thrips,  84. 

Tachinid  parasites: 

of  Greenhouse  Leaf-tier,  100. 
of  Variegated  Cutworm,  86, 
of  Rose  Leaf-roller,  97. 

Teneb,rio  molitor,  71-72.  See  also 
Yellow  Meal-worm  beetle,  81. 
obsourus,  72.  See  also  Dark  Meal¬ 
worm  beetle,  82. 

Tenebrionidae,  71. 

Tessellated  Palm  Scale,  123. 
tessellatum,  Lecanium,  123. 
tessellatus,  Eucalymnatus,  123. 


tessellatus — Co7itinued. 

var.  swainsoni,  Eucalymnatus,  123. 

Thistle  as  food  plant  of  Garden  Flea- 
hopper,  114. 

Thousand-legged  worm,  138. 

Thrips,  114. 

Onion,  84. 
tabaci,  84. 

tibiator,  Limneria,  102. 

Tobacco  infested  by  Rice-weevil,  71. 
by  Saw-toothed  Grain-beetle,  69. 
or  tobacco  stems  or  extracts,  fumi¬ 
gation  with: 

for  greenhouse  plant-lice,  119. 
for  greenhouse  White  Fly,  134. 
for  Rose  Leaf-roller,  98. 

torvina,  Spilochalcis,  97. 

Townsend,  C.  H.  Tyler,  38. 

Trap  lanterns,  or  light  traps,  far  Al- 
ternanthera  Worm,  106. 
for  Diamond-back  Moth,  103. 
for  Greenhouse  Leaf-tier,  100. 
for  Rose  Leaf-roller,  98. 
for  Southern  Fern-Cutworm,  91. 
for  Variegated  Cutworm,  87. 

Triboli.um  confusum,  66,  67-68.  See 
also  Confused  Flour-beetle,  81. 
ferrugineum,  68. 

Trichogramma  pretiosa  as  egg  para¬ 
site  of  Rose  Leaf-roller,  93. 

tridentata,  Saperda,  5,  10,  11. 

Turkey-gnat,  28,  31,  37-40.  See  un¬ 
der  Simulium  meridionale. 

Turnip  liable  to  injury  by  Myzus  per¬ 
sicae,  117. 

Turnips,  103. 

U 

uhleri,  Halticus,  113. 

Uhleria  camelliae,  127. 


V 

Valentine,  J.  A.,  141. 
vaporariorum,  Aleyrodes,  130. 
Variegated  Cutworm,  84-88. 
ventricoSus,  Pediculoides,  61. 
venustoides,  Simulium,  42. 
venustum,  Simulium,  24,  28,  29,  35, 
42,  44,  50. 

verschaffeltii,  Areca,  128. 
versicolor,  Alternanthera,  103. 
Encarsia,  132. 

Vinca  infested  by  Myzus  vincae,  118. 
liable  to  injury  by  Myzus  persi¬ 
cae,  117. 

vincae,  Myzus,  117. 

Violet  as  breeding  plant  of  Green¬ 
house  Leaf-tier,  100. 
vittatum,  Simiulium,  24,  28,  44,  47, 
50. 
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W 

Wallflower  attacked  by  Diamond- 
back  Moth,  101. 

Warder,  R.  H.,  135. 

Washburn,  F.  L.,  28,  48. 

Webster,  F.  M.,  25,  109,  111,  114,  136. 

Weeds  as  food  plants  of  Garden  Flea- 
hopper,  114. 

Weevil,  G'ranary,  56,  69-70.  See  un¬ 
der  Granary  Weevil. 

Weevils  and  beetles,  granary,  66-72. 

Whale-oil  soap  solution  for  plant- 
lice,  120. 

for  scale  insects,  130. 
or  other  soap  solutions  for  Green¬ 
house  White  Fly,  134-135. 

Wheat  ks  food  of  Confused  Flour- 
beetle  and  larva,  68. 
of  Granary  Weevil,  69. 
flour  as  food  of  Confused  Flour- 
beetle,  67. 

infested  by  larva  of  Mediterrane¬ 
an  Flour-moth,  63. 
injured  by  Angoumois  Grain  Moth, 
60. 


Wheat — Continued. 

prepared,  as  food  of  Confused 
Flour-beetle,  67. 

rolled,  infested  by  Mediterranean 
Flour-moth,  64. 

White  Fly,  Greenhouse,  130-135.  See 
under  Greenhouse  White  Fly. 
-grubs,  121. 

X 

Xylotrechus  colonus,  8. 

Y 

Yeast  cakes  as  food  of  Indian  Meal 
Moth,  66. 

infested  by  Saw-toothed  Grain- 
beetle,  69. 

Yellow  Meal-worm,  51,  71-72. 

beetle,  distinctive  characters  of, 

81. 

Z 

Zetterstedt,  Johann  Wilhelm,  31. 
Zinnia  infested  by  foliar  nematodes, 
141.  . 


ERRATA 

Page  31,  line  18,  for  Holton  read  Houghton. 

Page  36,  legend,  and  page  46,  second  legend,  dele  apostrophe. 
Page  55,  line  3,  for  XLI  read  XL. 
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